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NATIONAL AERONAUTICS AND SPACE ADMINISTFATION 

APOLLO SPACECRAFT PROGRAM 

QUARTEBLY STATUS REPORT NO. 9 ( U )  

f o r  

PERIOD ENDING SEPTEMBER 50, 1964 

By Manned Spacecraft  Center 

SUMMARY 

Major accomplishments of the Apollo Spacecraft  Program during t h i s  
repor t ing  period were the following: 

1. Five CSM s t a b i l i z a t i o n  and cont ro l  subsystems (SCS) were de- 
l i v e r e d  t o  North American Aviation ( N U )  f o r  use i n  mission simulators 
1 and 2 and for engineering evaluation. 
Block I1 SCS has been completed, and NAA and Honeywell have been d i rec ted  
t o  proceed with t h e  design. 

The d e f i n i t i o n  phase of t h e  

2. Testing of t h e  Apollo docking system was defined by MSC and 
includes t h r e e  dimensional dynamic t e s t i n g  of  t h e  a c t u a l  docking system 
i n  a thermal-vacum environment. 

3 .  Incorporation of a uni t ized  couch design was d i r ec t ed  by MSC. 
The new design r e s u l t s  i n  a s ign i f i can t  weight savings. 
be used on a l l  manned spacecraf t  s t a r t i n g  w i t h  A i r f r a m e  012. 

The design w i l l  

4. A decis ion was made t o  use a c o l l e c t i v e  swviv& k i t  en a l l  
Block I1 spacecraf t .  
results i n  a weight savings of 12 pounds over ind iv idua l  k i t s .  

The new k i t ,  designed t o  support t h r e e  as t ronauts ,  
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5 ,  The f i r s t  CSM production environmental cont ro l  subsystem (ECS) 
was  i n s t a l l e d  i n  BP-14. Contamination checks, servicing and checkout are 
now i n  progress,  

6. A complete cryogenic s torage system f o r  t h e  AFRM 006 e l e c t r i c a l  
power subsystem wits del ivered t o  NAA. 

7, All ground support equipment required t o  operate t h e  serv ice  
propulsion subsystem was del ivered and i n s t a l l e d  a t  t h e  WSMR PSDF tes t  
s tand no. 1. 

8.  The Rocketdyne engine t h r o a t  i n s e r t  cracking problem i n  t h e  
CM react ion control  subsystem (RCS) was solved by t h e  use of a spec ia l  
backing mater ia l  i n  t h e  i n s e r t .  
t i o n a l  support of  t h e  in se r t .  

The material a c t s  as a pad for addi- 

9. The launch escape subsystem qua l i f i ca t ion  test  program was 
successful ly  completed, The canard thruster development tes t  program 
was a l s o  s a t i s f a c t o r i l y  completed. Cartridges were ordered f o r  minimum 
airworthiness  t e s t s  of t he  deployment system. 

10. A l l  CSM pulse  code modulation and up-data l i n k  engineering 
modules, except one, passed acceptance t e s t i n g ,  and a l l  engineering 
model VHF beacons were del ivered t o  Collins Radio Company. 

11. The present CM video camera w i l l  be l imited t o  Block I space- 
c r a f t ,  
t h e  IXM and f o r  lunar surface operations.  

Block I1 spacecraf t  w i l l  ca r ry  the  camera being developed f o r  

12, The I%nned Space F l ight  Experiments Board proposed 13 experi-  
ments f o r  SA 204: nine medical and four  s c i e n t i f i c .  

a. Evaluation of t h e  shape and loca t ion  of t h e  lunar surface 
sample containers is complete. The weight a l l o c a t i o n  f o r  t h e  containers  
i s  80 pounds. 

13. Fabrication of t h e  IXM M-5 m e t a l  mock-up was completed. The 
mock-up i s  scheduled for an October review. 

14. The t e s t  program t o  e s t a b l i s h  the  degree of r e s t r a i n t  required 
by the  crew during lunar landing has completed t h e  i n i t i a l  phases. 

13. The LEM ECS feasibil i ty tests were completed, and manufacturing 
Design ve r i -  is  i n  progress on t h e  des ign .ver i f ica t ion  test  components, 

f i c a t i o n  tests are scheduled next quarter.  

16. The E M  ac power d i s t r i b u t i o n  system was approved by MSC. The 
system consis ts  of two 270-watt i nve r t e r s  redundantly feeding one AC bus. 



17. Grumman Ai rc ra f t  Ehgineering Corporation completed s losh  tes t  
r i g  operation on the  IJDl descent propulsion subsystem. 
w i l l  depend on t h e  evaluation of t h e  t es t  r e s u l t s .  

F ina l  acceptance 

18. The LED4 ascent engine development program was completed a t  
Arnold Engineering and Development Center. Tests t h i s  quar te r  consis ted 
of a series of performance ve r i f i ca t ion  tests, a series of phase "C" 
t h r u s t  chamber evaluation tes ts ,  and a series of fire-in-the-hole tests, 

19. The Apollo space s u i t  assembly was redesignated as the  ex t ra -  
vehicular  mobili ty u n i t  (EMLT), 

a. Gemini s u i t s  w i l l  be used i n  the  Block I Apollo f l i g h t s  t o  
reduce the  number of t r a in ing  s u i t s  o r ig ina l ly  scheduled for t h e  Apollo 
f l i g h t s .  

20, The CSM ECS rad ia to r  w i l l  be redesigned t o  incorporate the  
f l u id  s tagnat ion concept t o  allow a wider hea t  load var ia t ion .  

21. The Block I1 CM G&N subsystem displays and cont ro ls  were re- 
designed, and la rge  increase i n  operat ional  f l e x i b i l i t y  has resul ted.  

22, NAA acceptance check-out equipment (ACE-SC) Sta t ion  No. 1 
successful ly  completed acceptance t e s t i n g  and was declared operat ional ,  

23. The Apollo "black-box" sparing pol icy was implemented f o r  all 
Apollo contractors .  
f l i g h t  hardware w i l l  be spared t o  t h e  black-box l eve l ,  

The pol icy states that e l e c t r i c a l  and e lec t ronic  

24. Fabrication of t h e  CM, SM, and launch escape subsystem for 
BP-27 was completed. The CSMwil lbe  shipped t o  MSC i n  October for 
s t r u c t u r a l  t e s t ing .  

25. I n s t a l l a t i o n  of systems tubing and w i r i n g  harnesses on BP-14 
was completed, and the  vehicle  ms t r ans fe r r ed  t o  S&ID Apollo Test 
Operations. The e l e c t r i c a l  power and environmental cont ro l  subsystems 
w e r e  a l s o  in s t a l l ed ,  and subsystem t e s t i n g  i s  i n  progress. 

26. The s t r u c t u r a l  details of AFRM 006 were completed and s t ruc -  
tural  subassembly is i n  progress, 

27. Boilerplate 28 was assembled and del ivered t o  NAA Engineering 
Development Laboratory. The f i r s t  t es t  drop is planned f o r  la te  October. 

28, Boilerplate 23 (BP-23) checkout was completed a t  Downey i n  
It w i l l  be launched i n  September and t h e  EP-23 was shipped t o  WSMR. 

October by a L i t t l e  Joe I1 for a maximUm dynamic pressure abort .  
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29, Apollo spacecraf t  mission A-102 (BP-15) was successful ly  
accomplished a t  Cape Kennedy on September 18, 1964. 
i s f a c t o r i l y  demonstrated the alternate mode of tower j e t t i s o n  using 
t h e  launch escape and p i t c h  con t ro l  motors. 
progress ,  and t e s t  r e s u l t s  will be published next quarter .  

The mission sat- 

Complete evaluati.on i s  i n  

PROGRAM DESCRIPTION 

The Apollo Space Vehicle, consis t ing of t h e  spacecraf t  and launch 
vehicle ,  i s  depicted i n  f igu re  1, The spacecraf t  i s  t h e  r e spons ib i l i t y  
of t h e  Manned Spacecraft  Center (MSC) ,  Houston, Texas, while t h e  launch 
vehicle  is  being developed by t h e  George C, Mxrshall Space F l ight  Center 
(MSFC). The Apollo spacecraf t  configurat ion i s  shown i n  f igu re  2. 

The Apollo spacecraf t  i s  composed of t h r e e  separable  modules: 
(1) the  Command Module ( C M )  which houses the  crew from t h e  e a r t h  t o  t h e  
v i c i n i t y  of the moon and during t h e i r  re turn  t o  t h e  ear th ,  (2)  t he  
Service Module (SM) which contains  the  propulsion subsystem as w e l l  as 
o the r  subsystems, and (3 )  t h e  Lunar Excursion Module (LEM) which sepa- 
rates from the  Command and Service Modules when i n  lunar o r b i t ,  descends 
t o  t h e  lunar surface f o r  manned exploration, and r e tu rns  the  crew t o  the  
o rb i t i ng  CSM. 

The bas ic  launch vehic le  f o r  lunar missions is t h e  Saturn V, which 
cons i s t s  of th ree  s tages :  t h e  S-IC, S-11, and S-IVB. The S-IC u t i l i z e s  
LOX-RP-1 propel lan ts  f o r  f i v e  F-1 engines while t h e  S-I1 s t age  used 
LOX-LH propel lants  f o r  f i v e  J-2 engines, LOX-LH2 propel lan ts  are used 

f o r  t h e  one 5-2 engine i n  t h e  S-IVB s tage ,  
2 
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Figure 1. - Apollo space vehicle configuration. 
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Figure 2. - Apollo spacecraft configuration. 
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SPACECWFT SUBSYSTEMS DENELOPMENT 

COMMAND AND SERVICE MODULES 

Guidance and Navigation Subsystem (G&N) 

The f i n a l  def in i t ion  meeting f o r  the  Block I1 G&N subsystem was 
The results of t h e  Block I1 def in i -  held a t  MSC on August 18, 1964. 

t i o n  phase are being published as a data book. 
w e r e  d i s t r ibu ted  for review on September 17, 1964. Upon rece ip t  of 
comments and revision, t he  data book w i l l  be given formal d is t r ibu-  
t ion .  
released i n  November 1964. 

Preliminary issues  

Preparation of t h e  CEI-Part I specif icat ion is  expected t o  be 

The computer f o r  G&N System AGE& was shipped t o  AC Spark Plug, 
and system t e s t ing  w a s  accomplished. 
Lab a t  NAA is  expected by October 15, 1964. 

Shipment of AGE-6 t o  t h e  MIT 

The requirements f o r  the hermetic seal ing of t he  G&N subsystem 
w i t h i n  t h e  CM have indicated design problems may resu l t .  
necessary t o  satisfy these requirements are under investigation, 

Design changes 

S tab i l iza t ion  and Control Subsystem (SCS ) 

Stab i l i za t ion  and control subsystems were received by NAA for 
mission simulators l a n d  2, evaluator 2, an engineering simulator, 
and development engineering. 

The SCS for ver i f ica t ion  tests (Phase 111) was ins t a l l ed  on the  
13-foot a i r -bear ing table a t  Honeywell, and dynamic closed-loop test-  
i n g  i s  i n  progress. 

Block I SCS fo r  spacecraft 012 and subsequent vehicles w i l l  in-  
corporate a manual rate-command capabi l i ty  f o r  control  of t he  SPS 
th rus t  vector control  loop. 
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The program de f in i t i on  phase of t h e  Block I1 SCS has been com- 
p le ted ,  and d i rec t ion  t o  proceed has been given NAA and Honeywell f o r  
t he  design phase. 

S t ruc tu ra l  Subsystem 

The Bp-l'j f l i g h t  data have been reviewed. Maximum f luc tua t ing  

SM-RCS nozzle vibrat ions,  with amplitudes 
pressures  of 166 db (overa l l  rms value)  were measured on t h e  SM i n  
t h e  v i c i n i t y  of t h e  RCS. 
exceeding the  design values, were recorded. The v ibra t ion  records 
give no indicat ion of a s t r u c t u r a l  failure of t he  RCS. The CM X-axis 
acce lera t ions  showed a 10 cps o s c i l l a t i o n ,  with a peak-to-peak value 
of about 1.8g during holddown. 
termine t h e  s ignif icance of t he  o s c i l l a t i o n ,  which damped out  rap id ly  
a t  l i f t - o f f ,  The maximum f l i g h t  loads experienced by EP-13 were low 

Further analysis i s  required t o  de- 

(CLq < l 0OO0 psf ). 

An SM oxidizer tank has been t e s t e d  as required by a v ibra t ion  
tes t ,  followed by a 28-day creep test, and f i n a l l y  a "burst" test. 
Rupture occurred on t h e  f i n a l  test a t  a pressure of 124 percent of t he  
ultimate design pressure.  

An 18-month contract  was signed i n  August with t h e  Avco Corpora- 
t i o n  f o r  an invest igat ion of simulated meteoroid damage t o  a b l a t i v e  
heat  sh i e ld  materials.  

The Bell Aerosystems Company has been awarded a cont rac t  t o  per- 
form a s t r u c t u r a l  ana lys i s  of t h e  CM af t  heat  sh ie ld  when subjected t o  
t rans lunar  or  reentry environments. 
loading cases a r e  t o  be analyzed and one or more w a t e r  impact loadings 
w i l l  be considered by the  f i rs t  of Apr i l  1965. 

Five thermal and/or mechanical 

A contract  has been l e t  t o  t he  Utah Research and Development Com- 
pany f o r  t e s t i n g  the  effect iveness  of aluminum honeycomb sh ie lds  i n  pre- 
venting meteoroid damge t o  l i q u i d - f i l l e d  spacecraf t  tanks. 
two-month program i s  t o  be completed December 1, 1964. 

This 

Mechanical Subsystems 

A concept f o r  t e s t i n g  the  Apollo docking system was adopted by 
WC on September 25, 1964. The concept, o r ig ina ted  by bEC, involves 
th ree  dimensional dynamic t e s t i n g  of t h e  ac tua l  docking system i n  a 
thermal-vacuum environment. See f igu re  3. 
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Figure 3 . -  Probe and drogue concept. 
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The Apollo f l o t a t i o n  system uses t h r e e  i n f l a t a b l e  bags, which a r e  
The posit ioned around t h e  crew t r a n s f e r  tunnel on t h e  parachute deck. 

system i s  used t o  e r e c t  t h e  CM i f  it should assume an inver ted  pos i t ion .  
System requirements and configuration have been es tab l i shed .  

The uni t ized  couch design, use of which was made poss ib le  by t h e  
elimination of requirements f o r  a removable center  couch, w a s  authorized 
by MSC i n  September 1964. The un i t i zed  design w i l l  permit s i g n i f i c a n t  
weight savings and w i l l  be incorporated on a l l  manned spacecraf t  s t a r t i n g  
with AFRM 012. The present Block I couch, with modified lower leg  re- 
s t r a i n t s ,  w i l l  be employed as an interim measure on A m ' s  006, 007, 008, 
and BP-28. 

The Apollo ingress/egress hatches and t h e  a s t ro - sex tan t  door a r e  
being manufactured on schedule. 

The launch escape tower canard system, which i s  pyrotechnically 
ac tua ted ,  i s  used t o  r e o r i e n t  t h e  CM from a n  apex forward pos i t i on  t o  

canard assembly was shipped September 25, 1964, t o  White Sands Missile 
Range f o r  i n s t a l l a t i o n  on BP-23. 

I permit parachute deployment during launch abor t s .  The f i r s t  f l i g h t  i t e m  

Thermal Pro tec t ion  Subsystem 

A t  t h e  Block I1 mock-up review held a t  NAA on September 30, 1964, 
major changes i n  t h e  design of t h e  thermal pro tec t ion  subsystem (TPS) 
were proposed, 

The CSM umbilical w i l l  be redesigned and re loca ted  on t h e  +Z-axis 
t o  e l imina te  the m b i l i c a l  protuberance and t o  increase t h e  L/D. A t  
CSM separation, t h e  umbilical  i s  severed by redundant shaped charges a t  
t h e  CSM umbilical in te r faces .  "he design w i l l  a l s o  include p ro tec t ion  
from micrometeoroid impact. 
i c a l  has been added f o r  servicing. 

An access door on e i t h e r  s i d e  of t h e  umbil- 

Four penetrations were added t o  t h e  forward heat s h i e l d  f o r  the 
S-band antennas, 

The Block I type shear compression pads on t h e  a f t  hea t  s h i e l d  have 
been eliminated and replaced by f l u s h  pads t o  t ransmi t  t h e  loads through 
a depression around t h e  pad. 

A temperature con t ro l  coating wi th  favorable s o l a r  a b s o r p t i v i t y  and 
emiss iv i ty  c h a r a c t e r i s t i c s  has been added t o  t h e  CM, and it w i l l  l i m i t  
t h e  m a x i m u m  equilibrium temperature of t h e  a b l a t o r  when fac ing  t h e  sun 
t o  approximately lo@ F a t  any t i m e  p r i o r  t o  entry.  The coating w i l l  be 
pro tec ted  during launch by t h e  boost p ro t ec t ive  cover. 
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The sc imi ta r  antennas on t h e  CM i n  Block I vehic les  w i l l  be mounted 
on t h e  SM i n  Block I1 vehicles ,  and t h e  hatch window has been de le ted ,  

It is  planned t o  qualif&y t h e  Block I1 a b l a t o r  on t h e  Block I a i r -  
frames 017 and 020. These spacecraf t  w i l l  be configured with a Block I1 
nonfunctioning umbilical  t o  assess  t h e  heat  pene t ra t ion  t o  t h e  inner  
s t r u c t u r e  . 

On August 7, 1964, t h e  f i r s t  Apollo CM s t a i n l e s s  s t ee l  subs t ruc ture  
f o r  airframe 006 w a s  de l ivered  on schedule t o  Avco f o r  manufacture of 
t h e  ab la to r .  The complete heat s h i e l d  is  scheduled f o r  de l ivery  t o  NAA 
i n  January 1965. 

A l l  t h e  s ta j -n less  s teel  substructure  panels f o r  airframe 008 and 
90 percent of t h e  panels fo r  airframe 011 have been received from Aeronca 
by NAA. 

On August 18, 1964, the  R-4, 5-stage Scout, with a nose cap of t h e  

Data on t h e  performance of t h e  
Ap0110 material (Avcoat 5026-39), was f l i g h t  t e s t ed .  
en tered  a t  a ve loc i ty  of 29 000 ft/sec. 
material were obtained up t o  14 seconds after peak heat ing rate, a t  which 
t i m e  a l l  t h e  a b l a t o r  had been removed. F l igh t  tes t  r e s u l t s  and t h e i r  
impact on t h e  Apollo design are being analyzed. 

The vehicle  re- 

Earth kinding Subsystem 

A la rge  number of one-quarter s ca l e  CM model impact t es t s  were con- 
ducted a t  Langley Research Center. 
hea t  sh i e ld  with t h e  bending s t i f f n e s s  of prototype spacecraf t .  The 
model w a s  instrumented t o  obtain pressure  and acce le ra t ion  data along 
with heat  s h i e l d  de f l ec t ion  data. These tes ts  have been usefu l  i n  de- 
f i n i n g  t h e  water impact pressures expected wi th  various weights, veloc- 
i t i e s ,  and a t t i t u d e s .  I n  addi t ion,  t h e  da t a  are being evaluated t o  
determine drop t e s t  condi t ions f o r  BP-28 ( t h e  s t r u c t u r a l  impact t es t  
a r t i c l e ) .  

The model has an e l a s t i c a l l y  sca led  

The f irst  tes t  of BP-28 i s  scheduled fo r  October 28, 1964. 

C r e w  EQuipment Subsystem 

A materials se l ec t ion  program has been i n i t i a t e d  by MSC which w i l l  
minimize t h e  ind iv idua l  e f f o r t s  of t h e  cont rac tors .  Much similari ty 
should e x i s t  between mater ia l s  employed i n  t h e  CM and LEM cabins,  Gemini, 
and Mercury; therefore ,  a mutual e f f o r t  among cont rac tors  t o  acce le ra t e  
the e s t ab l i sh ing  of an acceptable materials l i s t  is  underway, 
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Block I1 vehicles  w i l l  employ a co l l ec t ive  3-man su rv iva l  k i t .  A 
3-man l i f e  raft ,  replacing t h r e e  1-man rafts,  p lus  t h e  r e s u l t a n t  shar ing 
of m a n y  k i t  components y i e l d s  a f i rs t  t i e r  weight saving of about 
12 pounds. 

Personal hygiene equipment has been converted t o  government fur- 
nished equipment (GFE) as a r e s u l t  of t h e  exp lo i t a t ion  of t h e  Gemini 
development and procurement programs. 

The spec i f ica t ion  f o r  bioinstrumentation has been completed. The 
document r e f l e c t s  t h e  requirement f o r  both major ground tes t  and f l i g h t  
hardware. Procurement ac t ion  has a l s o  been i n i t i a t e d .  

Zero-g t e s t i n g  on the  K C - 1 3 5  a i r c r a f t  a t  Wright-Patterson AFB has 
provided a preliminary demonstration of t h e  a c c e p t a b i l i t y  of t h e  couch/ 
r e s t r a i n t ,  G&N s t a t i o n  arrangement, and crew t r a n s f e r  from CM t o  LEM 
u t i l i z i n g  umbilicals.  The la t ter  included removal of t h e  docking mech- 
anism from the  tunnel.  

A study t o  in t eg ra t e  a r e s t r a i n t  system in to  s u i t  design has been 
completed. The summary conclusion w a s  that the  imposition on s u i t  de- 
s ign  would be s ign i f i can t ,  and it showed no advantages. Further consid- 
e ra t ions  of t h i s  approach are  dismissed. 

Environmental Control Subsystem 

The first production environmental con t ro l  subsystem (ECS) w a s  in -  
Pressur iza t ion  tes t s  on t h e  CM water-glycol s ta l led i n  Boilerplate  14. 

system began on September 18, 1964. Leakage occurred a t  numerous j o i n t s  
and B-nut connectors i n  t h e  system. The leaks were corrected.  The com- 
mand and service module ECS contamination checks, se rv ic ing ,  and check- 
out  are now i n  progress. 

Group I ECS qua l i f i ca t ion  t e s t i n g  for Block I has been completed 
s a t i s f a c t o r i l y  on 12 components, and t e n  o the r s  are i n  progress.  B u r s t  
t e s t i n g  of components has been delayed u n t i l  a l l  o ther  uses of t he  com- 
ponent have been completed. 

The second production configurat ion E C S  t o  be used f o r  t h e  bread- 
board tes t  program w a s  de l ivered  t o  NAA i n  September, The tes t  vesse l  
i s  s t i l l  being modified t o  accept  t h e  E C S  i n s t a l l a t i o n  and o ther  crew 
equipment f o r  t h e  manned ECS development tests. 
waste-management system development test  program i s  i n  process,  and 
t e s t i n g  should s ta r t  before  November 1. 

System buildup for  t h e  

Design of t h e  pos t  landing ven t i l a t ion  system has been implemented 
f o r  Block I and Block 11. Both u t i l i z e  t h e  same configurat ion except 

I 
“ I  

i 

I 



f o r  t h e  loca t ion  of t h e  i n l e t  and o u t l e t  valves. 
of a two-speed fan (150 cfm f o r  day and 100 cfm f o r  n i g h t )  and a f l ex -  
i b l e  i n l e t  duct which i s  erected a f te r  landing. 

The design cons i s t s  

Radiator t e s t i n g  a t  Ling-Temco-Vought i s  scheduled f o r  November 9 
through November 16. 
w i l l  include approFimately 80 hours of space environment simulation 
emphasizing performance cha rac t e r i s t i c s  as a f f ec t ed  by t r a n s i e n t s  and 
edge e f f e c t s .  

The t e s t  program i s  i n  a deep space ana lys i s ,  and 

E l e c t r i c a l  Power Subsystem 

Power Distr ibut ion.-  A review of t h e  design c r i t e r i a ,  c i r c u i t  sche- 
mat ics ,  e a r t h  landing system sequencer re loca t ion ,  and de l ive ry  schedules 
of t he  operat ional  mission event sequence c o n t r o l l e r  (MESC) w a s  held on 
August 20, 1964. Major r e s u l t s  follow: 

a. The ea r th  landing sequence con t ro l l e r  (ELSC) w i l l  be relocated 
i n  the  s c i e n t i f i c  equipment bay t o  provide a c c e s s i b i l i t y  for checkout. 

b. Autonetics w i l l  s t a r t  qua l i f i ca t ion  tests on MESC and serv ice  
module j e t t i s o n  con t ro l l e r  (SMJC) on February 15, 1965, with both t o  be 
completed August 15, 1963. 

c. Northrop w i l l  start qua l i f i ca t ion  tes t s  on ELSC on December 10, 
1964, t o  be completed February 1, 1965. 

d. NAA w i l l  s tart  qua l i f i ca t ion  tes t s  on CM reac t ion  con t ro l  sys- 
t e m  con t ro l l e r  (RCSC) on-December 1, 1964, t o  be completed January 10, 
1965. 

Eagle Picher Company s t a r t e d  qua l i f i ca t ion  t e s t i n g  Augus t  3 on 
s i x  of t h e  25-ampere-hour en t ry  b a t t e r i e s .  The testing w i l l  be  com- 
p l e t ed  October 6, 1964. T e s t  r e s u l t s  have a l l  been s a t i s f a c t o r y  as of 
September 30 with  t h e  exception of one un i t  which f a i l e d  in su la t ion  
r e s i s t ance  tes ts  a f t e r  the humidity t e s t .  Eagle Picher i s  cu r ren t ly  
inves t iga t ing  the  cause of t h e  f a i lu re .  

E l e c t r i c a l  Storage Bat tery Company has completed development of 
t h e  pyrotechnic b a t t e r i e s  and has begun t o  manufacture production uni t s .  

In te rna t iona l  Telephone and Telegraph Corporation i s  t o  begin qua l i -  
f i c a t i o n  t e s t i n g  on t h e  battery charger by October 15, 1964. 

The e l e c t r i c a l  power subsystem breadboard tes t  began July 28, 1964, 
and w i l l  be completed i n  December 1964. The BP-14 e l e c t r i c a l  power 
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d i s t r i b u t i o n  system v e r i f i c a t i o n  tes t  w a s  completed on September 28, 
1964, except f o r  t h e  a-c sensing u n i t  which w i l l  be t e s t e d  October 8, 
1964. T e s t  r e s u l t s  are sa t i s f ac to ry .  

Fuel Cells.-  The main e f f o r t  i n  f u e l  c e l l  development during t h i s  
quar te r  has been t o  incorporate  design improvements i n t o  test  hardware 
fo r  evaluat ion,  The major changes include ind iv idua l  c e l l  redesign t o  
reduce corrosion problems, lowering module operat ing temperature by 
35' F, reducing condensor e x i t  temperature from 190' F t o  160' F, and 
providing reac tan t  pressure  con t ro l  during s t a r tup .  

Three s ign i f i can t  endurance tes ts  took p lace  during t h i s  period. 
Power p l a n t s  ~398-12 ,  X405-10, and X406-6 were b u i l t  using a l l  t h e  la tes t  
improvements, 
shown i n  t h e  following t a b l e :  

The r e s u l t s  of t hese  tes t s  as of September 30, 1964, are 

Module 

Time a t  temperature, hrs 

Time on load, h r s  

T i m e  on Apollo Mission 
P r o f i l e ,  h rs  

Number of starts 

Remarks 

x398 - 12 

433 

279 

245 

8 

Test 
continuing 

A recent  cos t  reduct ion program 

X405 - 10 
733 

611 

586 

7 

Glycol pump re- 
placed a f te r  
5 O l  hours on 
load. Module 
completed l 5 O  
percent v ibra  - 
t i o n  tes ts  i n  
3 major axes. 
Now i n  teardown 

has r e s u l t e d  i n  a 

X406-6 
480 

42 4 

400 

3 

Module shut  down 
a f t e r  completing 
t e s t  

realinement of 
the q a l i f i c s t i m  test  pmgram intc! tm part.s, In p a r t  one, two modules 
w i l l  be  t e s t e d  t o  support Block I unmanned f l i g h t s .  
s tart  i n  December 1964 and continue t o  February 1965. 
on two addi t iona l  modules, which will include o f f - l i m i t s  t e s t i n g  t o  sup- 
p o r t  manned f l i g h t s ,  are scheduled. 

These tes t s  w i l l  
I n  p a r t  two, tes ts  

W is  contjnuing with f u e l  c e l l  tests i n  t h e  Engineering Develop- 
ment Laboratory. They have run s ingle-  and two-module t es t s  a t  sea l e v e l  
and single-module vacuum tes ts  i n  t h e  modified t e s t  f a c i l i t y ,  Two- and 



three-module operat ions i n  a vacuum are scheduled t o  begin sho r t ly ,  
T e s t  schedules have been extended because of t h e  c o s t  reduct ion program. 

Cryogenic Storage.- The second and t h i r d  Inconel 0 pressure ves se l  2 
q u a l i f i c a t i o n s  bu r s t  t es t s  were successful ly  completed. Vessel four  
w i l l  complete t h i s  program. Additional tests conducted a t  L e w i s  Research 
Center on t h e  t i tanium material indicated t h a t  t he  meta l lurg ica l  g ra in  
s i z e  i s  adequate. 

A complete system f o r  AFRM 006 and valve modules f o r  EP-14, t h e  
breadboard, and AFRM 001 were delivered. The contamination problem wi th  
t h e  valves appears t o  have been solved by t h e  improvement of p l a t ing  and 
cleaning procedures. 

A number of fan-heater motor s t a t o r s  cracked during cold shock tes ts .  
The failures were caused by poor q u a l i t y  con t ro l  on t h e  s t a t o r  shims, 
Although t h i s  problem appears t o  be resolved, late d e l i v e r i e s  have caused 
delays i n  t e s t i n g  of engineering model tanks.  

Service Propulsion Subsystem 

A l l  t e s t  s tand number one ground support equipment required f o r  t h e  
ope ra t ion 'o f  t h e  serv ice  propulsion subsystem w a s  de l ivered  and i n s t a l l e d  
a t  t he  propulsion subsystem development f a c i l i t y .  

A development type engine was a t tached  t o  t h e  F-2 f i x t u r e  (heavy- 
weight propel lan t  supply system) and a func t iona l  check w a s  performed. 
The f i r s t  hot  f i r i n g  w a s  conducted on September 22, 1964. A malfunction 
i n  t h e  main propel lant  valve delayed ign i t ion  f o r  approximately 9 seconds. 
A new valve w a s  i n s t a l l e d  and the  tes t  w a s  rerun on October 1, 1964. A l l  
ob jec t ives ,  with t h e  exception of p a r t i a l  loss of instrumentation, were 
achieved. This series of t es t s  w i l l  continue through January 1965. The 
primary objec t ives  are t o  determine t h e  e f f e c t s  of def ined malfunctions 
on the  o v e r a l l  system. 

A similar system, designated t h e  F-3 t e s t  f i x t u r e ,  w a s  i n s t a l l e d  i n  
t h e  J-3 a l t i t u d e  tes t  c e l l  a t  the Arnold €hgineering Development Center. 
Instrumentation i n s t a l l a t i o n  and f a c i l i t y  v e r i f i c a t i o n  are i n  f i n a l  
phases pending an  in tegra ted  func t iona l  check-out of t he  propulsion sys- 
t e m  and F-3 f i x t u r e .  The first f i r i n g  i s  scheduled f o r  December. These 
tes t s  (phase 11) w i l l  continue through March 1965. 
t i v e s  are engine-hardware design evaluat ion and t h e  determination of t he  
e f f e c t s  of off-design condi t ions on engine operat ion and performance. 

The primary objec- 

The development of a baf f led  i n j e c t o r  i s  progressing s a t i s f a c t o r i l y ,  
A t o t a l  of 820 seconds of f i r i n g  t i m e  has been accumulated with a 
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5-4-2 type d r i l l e d  t o  a PO~~-41-26  pa t t e rn ,  
5-second f i r i n g s  i n  a s t a i n l e s s  s t ee l  chamber indicated C""s of 
97.28 percent ,  97.49 percent and 97, l9  percent of t h e  t h e o r e t i c a l  amount. 

Data r e su l t i ng  from three 

Six bomb t e s t s  with 157-grain bombs were performed and a l l  recovered 
within 10 mill iseconds.  A 778-second simulated-mission duty cycle was 
accomplished i n  an  a b l a t i v e  chamber without causing severe s t reaking.  
The target-design f reeze  da t e  f o r  a q u a l i f i c a t i o n  i n j e c t o r  i s  December 
1964. 

The propellant-gaging system continues t o  be t h e  pacing component 
The start of' design v e r i f i c a t i o n  t e s t i n g  (DVT) has under development. 

s l ipped t o  October 1964, r e su l t i ng  i n  q u a l i f i c a t i o n  t e s t s  being resched- 
uled f o r  completion i n  January 1965. The s l ippage i s  a t t r i b u t e d  t o  de- 
sign modifications assoc ia ted  with t h e  probe and propel lan t  u t i l i z a t i o n -  
valve fabr ica t ion .  I n  order  t o  o f f - se t  any f u r t h e r  delays,  hardware of 
a qua l i f i ca t ion  configurat ion i s  being i n s t a l l e d  i n  t h e  f irst  vehicles .  

Reaction Control Subsystem 

Command Module.- Primary e f f o r t  has been concerned wi th  t h e  bread- 
board phase I1 system. This system, assembled wi th  pre-qual i f ica t ion  
hardware, is  being t e s t e d  i n  t h e  Engineering Development labora tory  a t  
Downey. Excessive pressure t r a n s i e n t s  have been recorded during pulse  
mode operation; a l s o ,  severa l  failures have been recorded i n  t h e  Rocket- 
dyne engine valves, These problems are being inves t iga ted ,  

The Rocketdyne engine th roa t - in se r t  cracking problem has been solved 
by t h e , u s e  of  a s p e c i a l  "backing" material f o r  t h e  i n s e r t  which a c t s  as 
a pad t o  provide add i t iona l  support. 

Qual i f ied tanks w i l l  not be de l ivered  for AFRM 009; however, 
the  tanks w i l l  be of t h e  qua l i f i ca t ion  configuration, and will be qua l i -  
f i e d  p r i o r  t o  f l i g h t ,  The present  configurat ion i s  the  s ingle-ply,  
oversized bladder in  t h e  command module (CM) and a single-ply,  net  s i z e  
bladder with a l i q u i d  s i d e  vent f o r  t h e  se rv ice  module (SM). 

Service Modij1e.- E'yimanr e f f o r t  kis been concerned w i t h  the S M  RCS 
The optimization of t h e  "pre-cup" design i s  complete and o f f i -  engine. 

c i a l  d i r ec t ion  has been provided f o r  t h e  incorporat ion of a fuel-valve 
standoff f o r  passive thermal control .  
has not  been e n t i r e l y  resolved. 
8 Btu/hr as constrasted t o  t h e  previously s t a t e d  requirement of 2 Btu/hr. 
The vehic le  design must be compromised t o  provide t h e  a d d i t i o n a l  heat 
t r a n s f e r  capacity.  

The problem of thermal con t ro l  
The engine design l i m i t  r equ i r e s  about 



S t a t i c  f i r i n g  tes ts  of t h e  serv ice  module RCS breadboard system 
have indicated (as i n  the  CM RCS breadboard) t h a t  hydraulic t r a n s i e n t s  
could cause problems with propel lant  u t i l i z a t i o n  and/or operat ion of 
t h e  "pre-cup" design i n  t h e  engine in jec tor .  Ver i f ica t ion  of t he  system- 
engine in t e r f ace  may requi re  add i t iona l  a l t i t u d e  t e s t ing .  

Launch Escape Subsystem 

The Apollo mission A-102 (BP-15) w a s  conducted September 19, 1964. 
A primary test  objec t ive  w a s  t o  demonstrate t h e  secondary mode of tower 
j e t t i s o n  using t h e  launch escape motor. The mission w a s  successful .  

A reduct ion i n  t h e  scope of t h e  LES qua l i f i ca t ion  tes t  program w a s  
accomplished, and t h e  number of tes t  motors w a s  reduced from 28 t o  20 
f o r  t h e  launch escape and tower j e t t i s o n  motors and from 30 t o  22 f o r  
t h e  p i t c h  cont ro l  motor. 

Launch Escape Motor. - The launch escape motor qua l i f i ca t ion  t e s t  
program was successfu l ly  completed on August 30, 1964, wi th  t h e  s t a t i c  
tes t  of t h e  19th and 20th motor. 

P i t c h  Control Motor.- The p i t c h  cont ro l  motor qua l i f i ca t ion  program 
w a s  successfu l ly  completed on September 30, 1964, with t h e  s t a t i c  t es t  
of  t h e  21s t  motor. 
per iod,  
t h e  motor f a i l e d  t o  pass a " l eak"  check following a drop t e s t .  
of t h e  seve r i ty  of t h e  drop test ,  no spec i f i c  requirement f o r  s t a t i c  
t e s t i n g  t h e  motor had been establ ished.  

A l l  2 1  tes ts  were conducted during t h e  repor t ing  
The 22nd motor (motor 111-2) w a s  not  s t a t i c a l l y  t e s t e d  because 

Because 

Tower J e t t i s o n  Motor. - Four tower j e t t i s o n  motors (two development 
and two q u a l i f i c a t i o n )  were successful ly  tes ted .  
3 rd-qual i f ica t ion  t e s t  motor, experienced a malfunction i n  t h e  spot  
welds on t h e  motor-interstage connecting r ings  both f o r e  and a f t .  The 
failure was a t t r i b u t e d  t o  t h e  poor q u a l i t y  cont ro l  of a Thiokol Chemical 
Corporation subcontractor.  A s  a r e s u l t  of the failure, a quick f i x  w a s  
appl ied  t o  t h e  BP-15 tower j e t t i s o n  motor i n t e r s t age  s t ruc tu re ,  and a 
permanent f i x  was i n i t i a t e d  f o r  t h e  remaining Block I in t e r s t age  s t ruc -  
tures, The BP-15 f i x  consis ted of strengthening t h e  in t e r s t age  con- 

A f i f t h  motor, t h e  

1 nect ing  r ings  with x-inch-diameter high shear bo l t s .  

cons is ted  of strengthening t h e  same area wi th  s - inch-d iameter  high 

shear  r i v e t s .  

The permanent f i x  
3 

The in t e r s t age  f a i l u r e  a t  Thiokol w i l l  r e s u l t  i n  an  approximate 
8-week down t i m e  of t h e  t e s t  stand and a corresponding s l ippage i n  t h e  
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completion of t he  qua l i f i ca t ion  motor t e s t  program. 
estimated t o  be i n  March 1965. 

Completion date i s  

Pyrotechnics Subsystem 

The Canard t h r u s t e r  development t e s t  program w a s  s a t i s f a c t o r i l y  
completed. 
of t h e  deployment system. 

Cartridges have been ordered f o r  minimum airworthiness t e s t  

A space ordnance system shorting (SOS) plug has been designated as 

Because of i t s  low cos t  (approxi- 
an acceptable s u b s t i t u t e  f o r  t h e  shorted e l e c t r i c a l  connector now re- 
quired on a l l  e l e c t r i c a l  i n i t i a t o r s .  
mately $l.OO), t h e  plug can be thrown away; thus eliminating r e tu rn ,  
handling, and reinspection cos t s  necessary with t h e  shorted connector. 
Further,  t h e  i n i t i a t o r  can be torqued wi5h t h e  plug i n s t a l l e d ;  t h i s  can- 
not be done with t h e  connector. 

NAA has been d i r ec t ed  t o  purge a l l  "shorting" spr ings  from e x i s t i n g  
i n i t i a t o r s  as soon as shorting plugs can be obtained and t o  take  imme- 
d i a t e  ac t ion  t o  assure  t h a t  no i n i t i a t o r s  o r  devices a r e  shipped t o  
launch s i t e s  (WSMR and AMR) without t h e  SOS plug. 

Twenty u n i t s  of  t he  Hi-Shear i n i t i a t o r  successfu l ly  passed design 
v e r i f i c a t i o n  t e s t s  (DVT). Both versions (SOS and Hi-Shear) of the  
Apollo standard i n i t i a t o r  a r e  ready f o r  t h e  q u a l i f i c a t i o n  t e s t  program. 
Both vendors have guaranteed de l ivery  of q u a l i f i e d  configurations f o r  
f ixed  pr ices .  
p l e t ed  by ea r ly  November. 

Both q u a l i f i c a t i o n  t e s t  programs are scheduled t o  be com- 

A low order detonation during a recent  acceptance t e s t  of detonators 
has r e s u l t e d  i n  changing t h e  main charge design and consolidation pres- 
sure. The s ingle  p e l l e t  main charge, consolidated a t  10 000 p s i ,  has 
been changed t o  a n  i g n i t i o n  charge of 200 mg RDX consolidated a t  1250 p s i ,  
and a main charge of equal weight w a s  consolidated a t  15 000 p s i .  Tests 
have proved the  f i x  t o  be a s a t i s f a c t o r y  improvement. 

Dual Mode B o l t  (LE Tower Separation).-  Ordnance Associated has sub- 
mi t ted  a new de i ivery  schedule t o  iWi which w i l l  not support BY-25; 
therefore ,  t h e  NAA decision t o  use s i n g l e  mode b o l t s  w i l l  be approved. 

F i r ing  of t h e  l i n e a r  shaped charge (LSC) c a r t r i d g e  assembly f a i l e d  
t o  c u t  t h e  p l a t e  s ec t ion  of t h e  bo l t .  
a c t i o n  is underway. 
modified detonator LSC i n t e r f a c e  are being tested. 

Inves t iga t ion  and co r rec t ive  
Increased loading (150 g r / f t  t o  200 g r / f t )  and a 



Single Mode Bolt.- A BP-15 bo l t ,  which f r ac tu red  a f t e r  i n s t a l l a t i o n ,  
was subjected t o  ana lys i s  a t  t h e  Cape and N M .  
ing during i n s t a l l a t i o n  caused cracking because of high hea t  treatment 
(Rc44)  and cu t  threads.  Complete f a i l u r e  w a s  a t t r i b u t e d  t o  crack pro- 

pagation under load. These conclusions agreed, i n  general ,  with those  
o f  t h e  Cape laboratory. 

NAP, concluded t h a t  bend- 

Lot-7 b o l t s ,  having r o l l e d  r a the r  than machined threads,  were in -  
s t a l l e d  i n  BP-15 with care  t o  eliminate bending loads during torque-down. 

NAA has been d i r ec t ed  t o  provide sphe r i ca l  washers f o r  both ends 
of t h e  b o l t  i n  a l l  fu tu re  f l i g h t  vehicles.  

Block I Drogue Disconnect.- During acceptance t e s t s  of l i n e a r  shaped 
charge assemblies f o r  t h e  Block I dual  drogue disconnect, t h e  50 g r / f t  
charge f a i l e d  t o  sever t h e  Inconel tens ion  member. 

A 100 g r / f t  charge is  adequate, but i t s  use would r e s u l t  i n  a com- 

NAA w i l l  try spec ia l ly  produced 65, 75, and 85 g r a i n  charges 
p l e t e  redesign of t h e  e n t i r e  f i t t i n g ,  and it a l s o  presents  shrapnel 
problems. 
t o  determine t h e  minimum required and t o  assess t h e  shrapnel problems, 

Communications Subsystem 

Pulse Code Modulation (PCM) T e l e m e t r y  System.- All pulse  code modu- 
l a t i o n  (PCM) engineering models have been completed and have passed 
acceptance t e s t i n g ,  Environmental t e s t i n g  of t h e  development model 
mechanical mock-up has been s a t i s f a c t o r i l y  completed. 

Up-Data Link (UDL).- The f i r s t  engineering models of up-data l i n k  
(UDL) spacecraft  equipment and bench maintenance equipment (BME) passed 
acceptance tes t  and were delivered t o  NAA. 

The c e n t r a l  timing equipment (CTE) updating function of t h e  UDL 
w a s  authorized by NASA and w i l l  be incorporated f o r  Block I on UDL de- 
velopment model-?. 

A hard-copy independent display ( t e l e p r i n t e r )  has been authorized 
f o r  use on t h e  Block I1 spacecraft  and w i l l  i n t e r f ace  wi th  UDL equip- 
ment. A procurement spec i f ica t ion  and request f o r  proposals have been 
i n i t i a t e d  by NAA and t h e  proposals a r e  expected e a r l y  next quar te r .  

C-Eand Transponder.- A l l  engineering model transponders except E-5 
have been de l ivered  t o  Collins Radio Company (CRC) .  E-5 i s  t o  be com- 
p l e t e d  i n  mid-October and then subjected- to- development model acceptance 
tes t  requirements. 
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VHF Beacon.- The last engineering model beacon, E-4, has success- 
f u l l y  completed acceptance t e s t i n g  and has been delivered t o  t h e  CRC 
in t eg ra t ion  t e s t  group. 

D-model design and t e s t i n g  are now i n  progress with t h e  incorpora- 
t i o n  of improvements r ea l i zed  during engineering model production and 
t e s t i n g  . 

Audio Center,- NAA w a s  d i r ec t ed  t o  implement an add i t iona l  audio- 
center  mode switch pos i t i on  f o r  Block I1 spacecraf t  as requested by 
as t ronauts .  This mode switch pos i t i on  w i l l  allow a hot interphone capa- 
b i l i t y  without RF transmission, and it w i l l  allow t h e  se l ec t ion  of any 
des i r ed  communication l i n k  without excessive switching. 

VHF and HF Equipment.- A l l  engineering model equipment requi red  f o r  
BP-14 and t h e  CRC subsystem in t eg ra t ion  t e s t  de l ivery  has been shipped, 

group were both supplied with t h e  engineering model equipment. 

Antennas,- The study cont rac ts  f o r  high gain S-band antennas awarded 
t o  Hughes Ai rc ra f t  Company, General E lec t r i c ,  and Ihlmo-Victor are t o  be 
completed by November 1, 1964, 
i n  t h e  se lec t ion  of a cont rac tor  t o  design and develop t h e  antenna. 

Ehaluation of these  s tud ie s  w i l l  r e s u l t  

NAA has been requested t o  study t h e  implementation of a second high- 
ga in  antenna on t h e  CSM. This i s  considered t o  be highly des i r ab le  be- 
cause of r e l i a b i l i t y  considerations and a t t i t u d e  cons t r a in t s  imposed by 
requirements f o r  navigation s igh t ings ,  thermal cont ro l ,  and t h r u s t  vector 
co r rec t  ions. 

The Dorne and Margolin four-month study cont rac t  f o r  development of 
f l u s h  mounted antennas for VHF, UHF, S-band, and C-band has been com- 
p l e t ed ,  Results o f  t h i s  study are being evaluated f o r  poss ib l e  a p p l i -  
ca t ion  t o  Block I1 CSM. 

Operational Instrumentation Subsystem 

Transducers.- The f i n a l  purchase order (a high-range ca lor imeter  
r"or t h e  hea t  s h i e l d )  f o r  ~ F N V T  009 iiistimniefitatiofi was released ~ i i  

September 21, 1964. 
by Republic Hi-Temp Instruments  Corporation t o  complete de l ivery .  

It is  estimated that seven months w i l l  be required 

The Rosemount flowmeter redesign i s  complete and t e s t i n g  is under- 
way, Redesign cons is ted  of thermally in su la t ing  t h e  sensing element 
from t h e  e l ec t ron ic s ,  The f i r s t  use of t h i s  i t e m  i s  i n  AFRM 001. There 
i s  much confidence i n  t h e  new design and t h e  accompanying schedules. 



21 

Signal  Conditioning Equipment (SCE).-  The E-3 model of t h e  SCE 
scheduled f o r  i n s t a l l a t i o n  i n  BP-14 w a s  received on schedule a t  NAA on 
August 28. 
i n s t a l l a t i o n ) ,  has successfu l ly  completed a majori ty  of t h e  required 
tests.  

The design proof model, Model E-1 (not scheduled f o r  vehicle  

Data Storage Equipment (DSE).- DSE D-8 f o r  BP-14 has been received 
a t  NU. Model E-7 f o r  AFRM 009 has successfu l ly  completed prel iminary 
t e s t i n g  and is  scheduled f o r  formal acceptance tes t .  
i s  expected on October 15. 

Shipment t o  NAA 

Central  Timing Equipment ( C T E ) , -  CTE model E-2, f o r  BP-14, and i t s  
assoc ia ted  bench maintenance equipment (CTBME) were received by NAA on 
August 24. 

Instrumentation/Communication R and D Subsystem 

During t h i s  per iod MSC has del ivered government furnished equipment 
(GFE), development f l i g h t  instrumentation (DFI) t o  NAA f o r  BP-22, 
i s  being continued t o  provide the  following DFI systems: 

Ef fo r t  

Vehicle 

A F B M  002 

Delivery Schedule t o  NAA 

December 1, 1964 

AFRM 010 January 1, 1965 

BP-23A January 1, 1965 
( la te  components 8-15-65 ) 

December 1, 1964 A_FRM 006;:- 

AFRM 009;:- December 12, 1965 

AFRM 0 1 1 4 b  March 15, 1965 

+'Requires communication hardware only. 

The above programs are general ly  on schedule. Program support re- 
quirements for BP-23A cannot be f u l l y  spec i f ied  u n t i l  BP-23 has been 
launched and p o s t f l i g h t  evaluation of t h e  r e u s a b i l i t y  of f l i g h t  hardware 
i s  accomplished. 
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Instrumentation/communication subsystem on E€'-15, launched from 
I Cape Kennedy, w a s  successfu l ,  

I 
Video Transmission Subsystem 

Three engineering models were constructed and underwent development 
t e s t s .  
electromagnetic in te r fe rence  t e s t ,  A design change is  being made t o  
cor rec t  t h i s  problem. D-models were f ab r i ca t ed  up t o  t h e  f i n a l  assembly 
s tage  where they were held pending development tes t  r e s u l t s .  D-models 
w i l l  undergo qua l i f i ca t ion  t e s t s  during t h e  next period. 

All t e s t s  were passed with t h e  exception of one p a r t  of t h e  

A decision w a s  made t o  l i m i t  t h e  use of t h e  present  CM camera t o  
Block I spacecraft  only. All Block I1 spacecraf t  w i l l  c a r ry  t h e  camera 
which i s  being developed f o r  t h e  LEM and lunar sur face  operations.  It 
i s  intended t h a t  t h i s  camera i s  t o  be used i n  t h e  CM, then t r a n s f e r r e d  
t o  the  LEM. A f t e r  lunar operations are concluded, t h e  camera w i l l  be 
t r ans fe r r ed  back t o  the  CM, 

S c i e n t i f i c  Equipment 

MSF experiments board has submitted t o  MSC t h e  proposed experiments 
The proposal includes four  science experiments and nine med- f o r  SA204. 

i c a l  experiments. Two of t h e  science experiments (nuclear emulsion and 
astronomical observations wi th  a U.V. camera) w i l l  r equi re  an a i r l o c k  
or quar tz  window. The o ther  two (synoptic t e r r a i n  photography and a i r -  
glow horizon photography) can be accomplished wi th  photographs taken 
through ex i s t ing  spacecraft  windows. 

By November 1964, MSC and NAA expect t o  determine t h e  f e a s i b i l i t y  
of incorporating most of t h e  experiment package. NAA has undertaken a 
spec ia l  study t o  determine the  f e a s i b i l i t y  of a s m a l l  a i r l o c k  f o r  t h e  
Block I command modules; t h e  study w i l l  be complete by January 1965. 

Recent analyses have shown t h e  off-peak power a v a i l a b i l i t y  f o r  ex- 
periments on Block I f l i g h t s  t o  be 1000 watt peaks, 500 w a t t  steaay 
state, and 10 kw-hr. 

The penalty t o  the  s c i e n t i f i c  payload w i l l  be approximately 3.4 l b s  
o f  cooling water f o r  each kilowatt  hour. Block I1 power a v a i l a b i l i t y  i s  
expected t o  be t h e  same, 

Three t racks  on t h e  opera t iona l  tape  recorder  have been requested 
f o r  s c i e n t i f i c  experiments. Data transmission w i l l  be l imi t ed  t o  tape  
playback on Block I f l i g h t s ,  
be poss ib l e  on Block I1 f l i g h t s ,  

Direct telemetry of t h e  da ta  w i l l  usua l ly  
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Standard wiring provisions f o r  power and recording a r e  being pro- 
vided a t  t h r e e  loca t ions  within t h e  CM. 

N U ,  GAEC, and MSC have agreed on shapes f o r  t h e  lunar-surface s a m -  
p l e  r e t u r n  containers,  which must be t r ans fe r r ed  from LEM t o  CM p r i o r  t o  
t r a n s e a r t h  in jec t ion .  
r e t u r n  containers.  
i s  80 lbs .  
bay. The weight and volume a l loca t ions  f o r  sample r e tu rn  containers 
w i l l  be used f o r  o ther  experiments on non-lunar landing f l i g h t s .  

There w i l l  be two 19- by 11.5- by 8-inch sample 
The weight a l loca t ed  t o  t h e  containers and contents 

They w i l l  be located i n  t h e  center  of t h e  CM lower equipment 

I n  t h e  LEM, t h e  containers w i l l  be located on the  -Y s ide  of t h e  
a f t  equipment a rea  under t h e  upper docking tunnel. 

LUNAR EXCURSION MODULE 

Guidance and Navigation Subsystem 

A s e r i e s  of LEM def in i t i on  meetings began on September 1, 1964 t o  
coordinate t h e  design of t he  LEN guidance and con t ro l  subsystems, and 
w i l l  continue bi-weekly f o r  approximately e igh t  weeks, A l l  major de- 
c i s ions  w i l l  be made i n  t he  program d e f i n i t i o n  phase such t h a t  t h e  LEM 
guidance and con t ro l  subsystems w i l l  be completely defined and a l l  in- 
t e r f a c e s  resolved and signed off by January 1, 1965. 

Stab i l i za t ion  and Control Subsystem 

A LEM guidance and cont ro l  d e f i n i t i o n  study t o  in t eg ra t e  t h e  sub- 
systems was i n i t i a t e d  with t h e  cont rac tors  during t h i s  period. The 
d e f i n i t i o n  study is  scheduled fo r  completion i n  ea r ly  November. A l l  
i n t e r f a c e s  are t o  be resolved by January 1, 1965. 

The competition f o r  procurement of t h e  Abort Guidance Section (AGS) 
of  t h e  SCS re su l t ed  i n  t h e  se l ec t ion  of STL as t h e  Grumman subcontractor 
respons ib le  f o r  t h i s  equipment. A d e f i n i t i o n  study i s  cu r ren t ly  being 
conducted by STL t o  def ine  t r adeof f s  of Capabili ty versus weight, com- 
p l e x i t y ,  e t  ce te ra ,  
guidance and con t ro l  d e f i n i t i o n  study t o  decide on base l ine  AGS capa- 
b i l i t y  f o r  design. 
i s  not a backup guidance subsystem. 

Information from t h i s  study w i l l  be used i n  t h e  

The AGS provides a LEM abor t  c a p a b i l i t y  only; it 
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St ruc tu ra l  Subsystem 

The LEM s t r u c t u r a l  subsystem i s  i n  t h e  engineering phase. The 
metal mockup (M-5) has been completed and i s  scheduled f o r  review 
October 7, 1964, 
no. 2 (TM-2), LEM t e s t  a r t i c l e  no. 2 (LTA-2), and tes t  a r t i c l e  no. 10 
(LTA-10). 
important s t r u c t u r a l  development test  vehicle .  See f igu re  4. 

Fabricat ion has been s t a r t e d  on tes t  vehic le  model 

Detail drawing release i s  i n  progress f o r  LTA-3, t h e  most 

The LTA-2 and LTA-10 d e t a i l  drawings are 96 percent  complete and 
design stress analyses are about 90 percent complete. 

The ascent-stage pressure-cabin r ive t ed - jo in t  s ea l an t  program has 
been completed except f o r  t h e  j o i n t  sea l ing  demonstration. The feasi- 
b i l i t y ,  sea lan t  screening, and sea lan t  s e l e c t i o n  phases have been com- 
p le ted .  
been se l ec t ed  fo r  use of the  f l i g h t  and tes t  vehicles .  

Four sea lan ts  (Epon 919, RTV 601, DC-325, and RTV 1850) have 

The major problem on t h e  LEM s t r u c t u r e  subsystem is  t h e  docked 
s t i f f n e s s  and design loads between t h e  LEM and the CM. A method of 
s t i f f n e s s  apportionment t o  NAA and GAEC is  required t o  make each com- 
pany responsible f o r  i t s  own s t r u c t u r e  and a t  t h e  same t i m e  ensure that 
t h e  f i rs t  bending mode is  compatible wi th  t h e  command/service module 
con t ro l  system, 

Landing Gear Subsystem 

The landing gear i s  undergoing inves t iga t ion  i n  t h e  laboratory wi th  
various component testing, which includes determining t h e  n a t u r a l  fre- 
quency of t h e  primary s t r u t ,  bearing f r i c t i o n ,  and s t r a i n  da ta  f o r  var- 
ious loading conditions t o  ve r i fy  design ca lcu la t ions .  The bearing 
pressure  design f o r  t h e  footpad has been v e r i f i e d ,  and t h e  secondary 
s t r u t s  are being prepared f o r  t e s t i n g .  

A landing-dynamics parametric study w a s  conducted by GAEC and MSC. 
This study included var ia t ions  with sur face  f r i c t i o n ,  s lopes,  a t t i t u d e s ,  
a t t i t u d e  rates, p lanar  and six-degree motions, and descent engine 
crushing. 
formance envelope f o r  t h e  LEM gear. 

The r e s u l t s  are being analyzed t o  determine t'ne a c t u a l  per- 

C r e w  Equipment Subsystem 

The contractor-conducted tes t  program t o  e s t a b l i s h  t h e  degree of 
r e s t r a i n t  required by t h e  crew during t h e  lunar  landing phase progressed 
through t h e  i n i t i a l  two phases. Load app l i ca t ions  i n  t h e  v e r t i c a l  and 
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two horizontal  d i rec t ions  revealed the  crewman could withstand repre- 
sen ta t ive  loads without benef i t  of r e s t r a i n t .  The more c r i t i c a l  con- 
d i t i o n  is  combined on-off a x i s  loading. The program phase i s  t o  begin 
i n  early No'vember, 

Studies a re  being conducted with a su i t ed  subject  on a simulated 
lunar t e r r a i n  t o  e s t ab l i sh  the  i n t e n s i t i e s ,  beam geometry, t ranspor t  
method, e t  cetera ,  f o r  t h e  portable  l i g h t .  The s tudies  are not com- 
p l e t e ,  but it appears t h e  previously proposed helmet mounting i s  not 
acceptable because the  advantages do not j u s t i f y  the imposition on 
helmet design, 

Environmental Control Subsystem 

The ECS design f e a s i b i l i t y  tests have been completed. h n u f a c t u r i n g  
l i s  i n  progress on t h e  design ve r i f i ca t ion  tes t  components, and tests are 

scheduled t o  begin next quarter .  

The s u i t  c i r c u i t  water evaporator has been changed from a p l a t e  f i n  
type t o  a porous p l a t e  type similar t o  the coolant water evaporator. 
Early design e f f o r t s  indicated that t h e  porous p l a t e  type evaporator 
could not t o l e r a t e  the  i n l e t  atmospheric temperature range expected. 
However, f e a s i b i l i t y  tests indicated that t h e  porous p l a t e  can t o l e r a t e  
the i n l e t  atmospheric temperatures, and t h a t  t h e  p l a t e  f i n  type cannot 
provide su f f i c i en t  cooling without excessive water carry-over, 

Steady s t a t e  thermal ana lys i s  shows t h a t  t h e  cabin temperature may 

Because t h i s  ana lys i s  is based on preliminary s t r u c t u r a l  heat 
f a l l  below 70' F during t h e  lunar exploration phases of lunar  night  
missions. 
leaks and t h e  lead t i m e  of a small e l e c t r i c a l  s u i t  c i r c u i t  heater t o  
co r rec t  t h e  s i t ua t ion  is  short ,  t h e  decis ion t o  add a hea ter  has been 
deferred.  

E l e c t r i c a l  Power Subsystem 

Power Distribution.-  In July,  t h e  a-c d i s t r i b u t i o n  system was  
I approved by MSC. The configllration cons is t s  cf' ? x o  270-vztt Inverters 

redundantly feeding one a-c-bus. 
a-c motor-inverter combination type of brushless  d-c motors. 

MSC has a l s o  approved t h e  use of t h e  

The d-c d i s t r ibu t ion  system i s  being redesigned due t o  t h e  new 
abor t  cri teria es tab l i shed  by MSC i n  A u g u s t .  
(abort  on one f u e l  c e l l  failure),  GAEC has completed t h e  determination 
of new aux i l i a ry  ba t t e ry  requirements. With t h e  GAEC recommendation t o  
operate equipment i n  the  range of 20-32 vo l t s ,  t h e  battery requirements 

Based on these  c r i t e r i a  
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t -  
1 

a r e  1800 watt-hours (45 lbs ) .  
voltage from dropping below 27 volts ,  t h e  ba t t e ry  requirements are 
3120 watt-hours (78 l b s ) ,  
45 l b  batteries f o r  t he  second condition l i s t e d  above. 
be ava i l ab le  f o r  review by MSC by October 9, 1964. 

However, t o  prevent t h e  f u e l  c e l l  output 

GAEC recommends developing and using two 
The da ta  should 

Hamilton Standard Division was assigned the  t a s k  of defining t h e  

It appears t h a t  a constant-voltage current  l imi t ing  type of 
recharging requirements f o r  t h e  portable  l i f e  support system (PLSS) bat-  
tery, 
charger f o r  recharging t h e  PISS ba t te ry  is  perferred.  
menting with a constant p o t e n t i a l  charge on s i lver -z inc  b a t t e r i e s  t o  
determine adequacy of charge. 

MSC is experi- 

The l ine-voltage drop problem ant ic ipa ted  with t h e  previous d-c 
d i s t r i b u t i o n  system concept is being lessened by t h e  new abor t  c r i t e r i a ,  
t h e  new ba t t e ry  requirements, and a new concept i n  t h e  d-c d i s t r i b u t i o n  
design. GAEC's re-evaluation of the problem is expected by October 12, 
1964. 

f ie1  Cells.- New f i l l i n g  procedures have eliminated t h e  short-time 
potassium hydroxide plugging problem, and runs of 400 hours a r e  now being 
obtained. 
e x i s t s  although severa l  so lu t ions  are under invest igat ion.  

The long-term potassium carbonate plugging problem s t i l l  

The FCA i s  being redesigned t o  allow only a 50 Btu/hr heat re jec-  
t i o n  rate t o  t h e  
maximum reac tan t  i n l e t  temperature of  40' F and an average s t ruc tu re  
temperature of 160' F are assumed, 

vehicle  with a maximum temperature of 220' F. A 

A 30-cel l  experimental fue l - ce l l  model has been del ivered t o  Grumman. 
Testing w i l l  begin about October 15, 1964. 

Cryogenic Storage,-  The preliminary cryogenic s torage design review 
w a s  held during the  week of September 14, 1964, a t  AiResearch, and t h e  
r e s u l t s  are now under study by MSC and Grumman. 

k s  cent Propulsion 3 ~ b  system 

Grumman has completed slosh t e s t  r i g  operations.  F ina l  acceptance 
w i l l  depend upon t h e  evaluation of tes t  r e su l t s .  
t i o n  i n  each of t he  propel lant  tanks used f o r  ant i -s loshing cons is t s  of 
aluminum r ive ted  t abu la r  baf f les  arranged i n t o  a longi tudina l  and lat-  
eral configuration, p lus  an anti-vortex device located a t  t h e  propel lant  
e x i t .  See f igu re  5 

The i n t e r n a l  configura- 



28 

NASA-S-64-6309 

Descent engine Fuel tank Insu,lation 

Second a ry Descent engine 
strut skirt 

Note: 
Landing gear shown in 
retracted position 

Figure 5.- L E M  descent stage. 



29 

I 
1 
l -  

Heavyweight r i g s  HD-2 and HD-3 have been i n s t a l l e d  a t  t h e  Rocket- 
dyne and STL f a c i l i t i e s ,  respectively.  Rocketdyne has completed t h e  
checkout of t h e  r i g ,  and has performed a major milestone tes t  which 
cons is ted  of running the  engine with a chamber pressure equal t o  the  
maximum tank pressure  of 270 p s i a  (relief valve s e t t i n g )  w i th  f u l l  
p rope l lan t  tank volumes u n t i l  propellant run-out occurred. The major 
ob jec t ives  of t h e  t es t  were met. STL i s  i n  t h e  process of f a c i l i t y  and 
r i g  check-out. 

The scheduled completion dates of t h e  seven decision milestones 
have been s e t  f o r  November 15, 1964, f o r  Rocketdyne and February 3,  1965, 
f o r  STL. 
of t h r u s t ,  I performance over t he  f u l l  range, combustion s t a b i l i t y  

over t h e  f u l l  range of t h r u s t ,  and in j ec to r / ab la t ive  chamber compati- 
b i l i t y .  A t  p resent ,  both contractors have unresolved problem areas i n  
t h e  development of t h e i r  i n j ec to r s ,  
high performance over t he  f u l l  t h r o t t l i n g  range, and rough combustion 
s t a b i l i t y  has continued t o  linger. Rocketdyne has problems i n  the  
t h r o t t l i n g  phase with helium d i s t r i b u t i o n ,  buzzing i n s t a b i l i t y ,  and l o w  
performance a t  low t h r o t t l e  l eve l s ,  

The major test  objec t ives  are t h r o t t l i n g  over t h e  f u l l  range 

SP 

STL has not  obtained a design with 

STL a l t i t u d e  t e s t i n g  has continued t o  be delayed by f a c i l i t y  m a l -  
functions.  STL and Thiokol have not completed malfunction ana lys i s  
requirements for r e l ease  of t h e  t e s t  f a c i l i t y  t o  STL. Rocketdyne has 
completed checkout f i r i n g  on t h e  Block I and I1 engines a t  t h e i r  a l t i -  
tude f a c i l i t i e s ;  however, f a c i l i t y  malfunctions have continued t o  plague 
scheduled t e s t ing .  

Both subcontractors, p a r t i c u l a r l y  STL, have had problems with ab la-  
t i v e  chamber/injector compatibil i ty,  bu t  t hese  have been resolved by 
proper i n j e c t o r  design, and recent  tests have been very sa t i s f ac to ry .  
STL has t e s t e d  numerous i n j e c t o r  configurations and t r i e d  t o  spot t rends  
which ind ica t e  t h e  e f f e c t s  of  varying key parameters, 
new i n j e c t o r  design (dome manifold of  "3-D" design),  which i s  an  attempt 
t o  so lve  t h e  helium d i s t r i b u t i o n  problems and t h e  popping and buzzing 
i n s t a b i l i t y  problems, 
t h e  a c c e p t a b i l i t y  of t h i s  i n j e c t o r  design. 

Rocketdyne has a 

T e s t  r e s u l t s  received t o  date have not es tab l i shed  

A decision is being considered t o  use a s u p e r c r i t i c a l  feed pres- 
s u r i z a t i o n  system because of t h e  large weight savings. The ambient 
system would not be immediately dropped, but would be replaced by t h e  
s u p e r c r i t i c a l  p ressur iza t ion  system as development proceeds. 
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Ascent Propulsion Subsystem 

The a scen t  engine development program a t  the Arnold Ekigineering and 
Development Center (AEDC) was completed. 
were conducted: 

The following series of tests 

I 
I 
I 
I 
I 
1 
I 
i 
I 
I 
I 

a. Performance Verif icat ion Test Ser ies . -  Twenty-eight performance 
v e r i f i c a t i o n  tests were conducted using water-cooled hardware. 
first 11 f i r i n g s  were run with t h e  B3-L2 i n j e c t o r  (low in j ec to r  AP f o r  
120 p s i a  chamber pressure)  a t  t h e  nominal Lib. 
t h e  B3-l i n j e c t o r  (high in j ec to r  AX' f o r  100 p s i a  chamber pressure)  a t  
L+b's of 27 and 37 (addi t ion  of a 4-inch water cooled sect ion adjacent  t o  
t h e  i n j e c t o r )  i n  order t o  determine t h e  e f f e c t  of t h e  d i f f e r e n t  L+er s  on 
performance. 
values of the  four phase '!B" ab la t ive  t h r u s t  chambers. 

The 

The next 17 f i r i n g s  used 

This w a s  necessary f o r  v e r i f i c a t i o n  of t h e  performance 

b. Phase "C" Thrust Chamber Evaluation.- Three phase "C" t h r u s t  
chambers were tested during t h i s  s e r i e s .  
d i f fer  from t h e  phase "B" chambers in  that a compression molded a b l a t i v e  
t h r o a t  sec t ion  i s  used, The chamber pressure  is  120 p s i a  and t h e  nozzle 
expansion r a t i o  i s  46.7 t o  1. 
380 seconds, and 5 seconds were accomplished successful ly  with neg l ig ib l e  
t h r o a t  erosion. Performance data  showed that t h e  nominal s p e c i f i c  i m -  
pu lse  was 2.0 t o  3.0 seconds higher than t h e  spec i f i ca t ion  30 low. 

The phase "C" t h r u s t  chambers 

The planned f i r i n g  runs of 60 seconds, 

e. Fire-In-The-Hole (FITH) Tests.- Eighteen FITH tests were con- 
ducted. The loca t ion  of the  flame sh ie ld  from the  nozzle e x i t  w a s  
var ied  from 3 t o  10 inches. The r e su l t i ng  shock wave penetrated t o  the 
nozzle t h r o a t  f o r  t h e  3-inch location, but ou ts ide  the nozzle extension 
f o r  t h e  10-inch Location. 
evidence of any adverse e f f e c t s  on t h e  chamber. 
tests,  t h e  propulsion subsystem development f a c i l i t y  "FITH" t e s t  program 
w i l l  be reduced by approximte ly  30 percent.  

Inspection of t h e  thrust  chamber showed no 
As a r e s u l t  of t hese  

GAEC has i n i t i a t e d  "blowdown" t e s t s  on the  €!A-3 heavyweight p re s su r i -  
za t ion  r i g .  No problems have been encountered. See f igu re  6. 

Reaction Control Subsystem 

Primary e f f o r t s  involved completion of the HR-3 test r i g  a t  t h e  
Magic Mountain test f a c i l i t y ,  t e s t i n g  of the HR-2 r i g  a t  GAEC, and com- 
p l e t i o n  of t h e  ground ru l e s  f o r  procurement of common usage coqonents .  

I n  addi t ion,  t h e  Marquardt Corporation (TMC) has succeeded i n  re- 
ducing t h e  chamber pressure surges (spiking)  i n  t h e  combustion chamber 
by modifying t h e  in jec tor .  The in j ec to r  is cur ren t ly  being redesigned 



(incorporating f u e l  valve s tandoff )  i n  order t o  improve thermal charac-- 
t e r i s t i c s  of t h e  t h r u s t  chamber assembly. 

TMC has encountered contamination problems on t h e  HR-3 r i g  a t  t h e i r  
h g i c  Mountain t e s t  f a c i l i t y ,  
t h r u s t  chamber in j ec to r s  and w a s  a t t r i b u t e d  t o  f a u l t y  purging procedures. 
Purging procedures are being rev ised  accordingly, 

The contamination w a s  i n  t h e  a rea  of t h e  

Firm ground r u l e s  f o r  implementation of t h e  common usage r u l e  have 
been es tab l i shed  by MSC and GAEC. GAEC w i l l  u t i l i z e  NAA spec i f i ca t ions  
with a GAEC cover sheet  i n  order t o  f a c i l i t a t e  t h e  placement of t h e  pur- 
chase orders f o r  t he  common usage components, However, t h e  process of 
obtaining NAA spec i f ica t ions  with the  latest  rev is ions  and t h e  subse- 
quent renegot ia t ion with the  common usage component manufactures a r e  
expected t o  take  up t o  three  months. 
t h e  f i rs t  de l ive r i e s  of t he  prototype common usage components be sup- 
p l i e d  t o  GAEC as government furnished equipment. 

Such a delay may necess i t a t e  that 

Communication Subsystem 

Pulse Code Modulation and Timing Equipment (PCMTE).- To resolve t h e  
PCM and ACE in te r face  incompat ib i l i t i es ,  it w a s  decided t h a t  t h e  LEN PCM 
output c i r c u i t s  t o  ACE w i l l  be powered by GSE supplied voltage t o  pro- 
vide the  necessary voltage l eve l s  a t  the  ACE inputs.  
qu i res  minimum modification and schedule delay t o  t h e  f l i g h t  equipment. 

This method re- 

A new vibra t ion  f i x t u r e  f o r  t he  mechanical model t e s t i n g  was de- 
signed and fabricated.  
mechanical model w a s  resumed. T e s t  r e s u l t s  have not been reported.  

After completion of t he  f i x t u r e ,  t e s t i n g  of t h e  

Service tes t  model (STM) no. 1 w a s  completed. Design v e r i f i c a t i o n  
and e l e c t r i c a l  checkout were performed on t h i s  model. 

Special  test  equipment (STE) no, 1 has been completed, checked out ,  
and used t o  tes t  STM no. 1. 
going checkout. 

STE no. 2 has been completed and is under- 

Audio Center. - i G C  ‘has i n i t i a t e G  actiori t o  irripieiueiit ai a d d i t i o i i ~ l  
audio center  mode switch pos i t i on  as requested by t h e  as t ronauts .  This 
mode switch posi t ion,  as i n  t he  CM, w i l l  al low a hot interphone capabil-  
i t y  without RF transmission and w i l l  al low the  se l ec t ion  of any desired 
communication l i n k  without excessive switching. 

Pre-modulation Processor (PI@).- Hardline bio-medical data t r ans -  
mission has been modified from pulse  code modulation t o  an analog sub- 
c a r r i e r  t o  b e t t e r  conserve t h e  data handling capacity.  
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S-Band Equipment.- The S-band t r ansce ive r  c i r c u i t s  have been de- 
signed and breadboarded, These c i r c u i t s  are now undergoing t e s t i n g .  

VHF Equipment.- Acceptance t e s t  procedures f o r  t h e  experimental 
models have been w r i t t e n  and approved. 
mental model no. 1 was completed and is being t e s t ed ,  

VHF t ransmi t te r - rece iver  experi- 

Antennas.- A t  t h e  design concept review held f o r  t h e  e rec t ab le  
antenna, Grumman approved t h e  design proposed by RCA. 
on a n  experimental model which w i l l  demonstrate both e l e c t r i c a l  and 
mechanical performance, 

Work then  began 

Grumman w a s  d i r ec t ed  t o  inves t iga te  automatic switching techniques 
t o  rep lace  t h e  manual switching planned for t h e  S-band i n - f l i g h t  antennas. 

Operational Instrumentation Subsystem 

I n - f l i g h t  Checkout.- GAEC completed an ana lys i s  of i n f l i g h t  check- 
Because of t h e  nature and out philosophies and equipment i n  June 1964. 

number of checks required,  it was recommended t h a t  necessary checkout 
functions be accomplished on a decentralized basis by t h e  use of e x i s t i n g  
hardware. The on board checkout e lec t ronics  assembly (OBCFA) w a s ,  t he re -  
fo re ,  de le ted  from systems requirements as a separa te  e n t i t y ,  

Caution and Warning Electronics Assembly (CWEA).- The proposals r e -  
ceived i n  response t o  an inv i t a t ion  t o  quote (ITQ) f o r  t h e  caution and 
warning e l ec t ron ic s  assembly (CWEA) were evaluated, and t h e  Arma Division 
of American Bosch Arma Corporation w a s  s e l ec t ed  as t h e  supp l i e r ,  Nego- 
t i a t i o n s  were i n i t i a t e d  t o  compromise a r e l i a b i l i t y  f i g u r e  within rea- 
sonable power, weight, vo lme,  and opera t iona l  cons t r a in t s .  Contract 
t a r g e t  date i s  October 1964. 

Data Storage Electronic Assembly (DSEA).- Procurement spec i f i ca t ions  
were completed and ITQ were d i s t r ibu ted  for t h e  data storage e l ec t ron ic  
assembly (DSEA) i n  September 1964. 
enable automatic voice ac tua t ion  (VOX) from vehic le  intercom t o  record 
d ia log  spoken e i t h e r  i n  the  LEM or by t h e  ex t ravehicu lar  as t ronaut  (EVA). 
The magnetic tapes  thus  c rea ted  w i l l  provide a permanent record of 
conversations. 

Operational c h a r a c t e r i s t i c s  w i l l  
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Instrumentation/Communication R and D Subsystem 

The following vehicles have been scheduled f o r  MSC government fur- 
nished equipment f o r  development f l i g h t  instrumentation/communications 
subsystems : 

Vehicle 

FTA-1 January 18, 1966 

Required del ivery schedule t o  GAEC 

FTA-2 June 27, 1966 

LEM- 1 November 20, 1965 

m - 2  January 12, 1966 

m-3 March 16, 1966 

LTA-1 June 18, 1965 

LTA-4 October 22, 1965 

LTA-7 December 18, 1965 

LTA-8 December 29, 1965 

LEM's 1, 2, and 3 mission requirements have recent ly  undergone 
change. November 1, 1965, is  t h e  scheduled release date of a new meas- 
urement l i s t .  

Video Transmission Subsystem 

Secondary Ehission Conductivity.- The Vidicon Laboratory Camera was 
received, checked out, and evaluation w a s  i n i t i a t ed .  The camera w i l l  be 
used i n  support of t h e  IEM-TV camera development. 

Negotiations for t h e  development of t h e  m-TV camera were com- 
pleted, EL l e t t e r  C G E ~ ~ C ~  VELS sent to the coi?ti-actoi* to eiiaijie aii 
immediate s t a r t  on the  program. 
design and breadboard construction of the camera c i r c u i t r y  as w e l l  as 
the  preliminary opt ics  design. 

The contractor completed the  preliminary 

MSC completed in-house fabricat ion of an experimental TV scan- 
converter which converts t he  Apollo slow scan TV s igna ls  t o  standard 
commercial TV signals.  
cates  the  performance is  superior t o  t h a t  of other  types. A production 
model of. t h i s  scan-converter or a modified version w i l l  be providedjfor 

The un i t  w a s  checkedlout; an evaluation indi-  
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Cape Kennedy f o r  mission operat ional  use. 
Manned Space F l ight  Network (MSFN) personnel t o  acquaint  them with t h e  
operat ion and performance of t h i s  equipment. 
developed and ind ica t ing  superior  performance, is considered a l o g i c a l  
choice f o r  use a t  MSFN s t a t ions .  

MSC personnel m e t  wi th  Goddard 

This equipment, already 

ADAPTER 

Drawings f o r  t h e  spacecraf t  adapter w e r e  re leased  on Ju ly  8, 1964. 

Equipment f o r  t h e  manufacture of t h e  aluminum honeycomb panels has 
been received and is being i n s t a l l e d  and checked p r i o r  t o  t h e  manufac- 
ture of t he  first adapter.  

AP0L;LO MTRAVMICULAR MOBILJTY UNIT 

The Apollo space s u i t  assembly (SSA) has been redesignated as t h e  
extravehicular  mobili ty u n i t  (EMU). 
spec i f i ca t ion  is  being prepared i n  accordance with N P C  300-1. 
dra f t  w i l l  include comments from a l l  major areas of MSC and Apollo space- 
c r a f t  cont rac tors  concerned, 

A f i n a l  draft of t h e  Apollo EMU 
This 

Three major cont rac tura l  changes were i n i t i a t e d  by MSC Crew Systems 
Division (CSD). The o r i g i n a l  contract  f o r  t he  Apollo s u i t  development 
has been extended t o  allow addi t iona l  work i n  se l ec t ed  a reas  of helmet 
and glove development. A second contract  f o r  f ab r i ca t ion  of eleven pro- 
to type  (A-4H) t r a i n i n g  s u i t s  was l e t  i n  August and de l ivery  w i l l  be com- 
p l e t e d  i n  November. The decis ion t o  u t i l i z e  Gemini s u i t s  i n  the  Block I 
Apollo f l i g h t s  made it poss ib le  t o  reduce t h e  number of t r a in ing  s u i t s  
from an o r i g i n a l l y  scheduled twenty-seven. The t h i r d  cont rac t  w a s  f o r  
continued development of t h e  Block I1 EMU, which w i l l  incorporate 
s i g n i f i c a n t  design features i n  t h e  areas of shoulder mobil i ty  and 
configurat ion,  

Two s t a t u s  review meetings were held between MSC-CSD and Hamilton 
Standard Division (HSD), These reviews defined in  d e t a i l  cont rac tura l  
requirements, and also include a comprehensive progress repor t .  The 
major area of development by E D  during t h i s  per iod has been i n  t h e  area 
of shoulder and hip mobili ty.  A n  e f f o r t  t o  increase t h e  ranges of move- 
ment wi th  decreasing torque requirements and shoulder dimensions 2s being 
made by the  contractor .  The r e s u l t s  w i l l  be in t eg ra t ed  in to  the  A-3H 
pressure  s u i t  which w i l l  be del ivered t o  MSC i n  &rch 1965. 
f e r e n t  type helmets have been proposed and mock-ups of each are being 
f ab r i ca t ed  f o r  evaluation. 

Three d i f -  

Two d i f f e ren t  types of palm r e s t r a i n t s  have 



been developed and evaluated, 
f o r  mobility, MSC has implemented an extensive X-ray program which is 
designed t o  examine and def ine in t e r f ace  a reas  of t h e  pressure s u i t  with 
the  su i t ed  subject.  Results have been t ransmit ted t o  HSD t o  incorporate 
in to  t h e i r  development program, 

In conjunction with t h e  increased e f f o r t  

Design of t he  development model l i q u i d  t ranspor t  portable  l i f e  sup- 
po r t  system i s  e s s e n t i a l l y  complete. F e a s i b i l i t y  t e s t i n g  of c r i t i c a l  
components has been completed, and f ab r i ca t ion  of t h e  majority of hard- 
ware f o r  the first del ivery u n i t s  has been i n i t i a t e d ,  Component sub- 
systems development t e s t i n g  w i l l  begin i n  December 1964. 

Hardware del ivered during t h i s  quar te r  includes e ight  ex te r io r  
mock-ups of t h e  PLSS, two ex te r io r  mock-ups of t h e  emergency oxygen sys- 
t e m ,  one thermal garment prototype, and two l i q u i d  garment prototypes. 
The thermal garment prototype i s  being readied f o r  thermal evaluation 
t e s t i n g  i n  the Ling-Temco-Vought Corporation space simulator i n  la te  
October 1964. In-house evaluation of t h e  o ther  mock-up and prototype 
hardware has begun. 

SPACECRAFT-LAUNCH VMICLE INTEGRATION 

Crew Safety 

Design c r i t e r i a  f o r  t h e  Saturn I B  emergency de tec t ion  system have 
been agreed upon by MSC and MSFC, and they are being implemented by 
spacecraf t  contractors.  The d r a f t  c r i t e r i a  f o r  t h e  Saturn V system is 
s l i g h t l y  d i f f e ren t ,  and it w i l l  be considered f o r  approval i n  October. 

An invest igat ion is  being made of t h e  poss ib le  use of angle-of- 
a t t a c k  as an abor t  parameter t o  be displayed t o  t h e  p i l o t  during launch. 

E l e c t r i c a l  Power Subsystem 

The i n i t i a l  phase of t h e  B/CSM voltage compatibi l i ty  study has 
been completed by MSC. A t  t h e  present s tage  of development on t h e  LEM 
and CSM, there  is no interconnection o r  planned intercoruei:tiuii. There- 
fore ,  no requirement f o r  compat ibi l i ty  of e l e c t r i c a l  system parameters 
ex i s t s .  However, fu tu re  design requirements could connect t h e  two e lec-  
t r i c a l  systems i n  such a way t h a t  compat ibi l i ty  may be required.  Con- 
t inued efforts in  t h e  LEM/CSM e l e c t r i c a l  system compatibi l i ty  study 
include the  monitoring of LEM and CSM design t o  determine if any f u t w e  
design changes would requi re  compatibi l i ty  and a review of Apollo Mission 
Planning Task Force (AMPTF) r e s u l t s  t o  detenmine i f  any fu tu re  operazing 
modes might requi re  e l e c t r i c a l  system compatibil i ty.  
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MSC has completed t h e  review of t h e  AMPTF "design reference m i s -  
MSC agrees t o  use t h i s  mission as a basis for repor t ing  t h e  s ion ."  

s t a t u s  of Apollo e l e c t r i c a l  energy and power f o r  both CSM and LEM. 
w i l l  continue t o  maintain e l e c t r i c a l  power load analyses based on t h e  
"EPS C r i t i c a l  Design Mission" i n  order t o  con t ro l  growth wi th in  t h e  
sys tern c a p a b i l i t i e s  . 

MSC 

MSC has requested an extension of t he  ex i s t ing  wiring tes t  program 
t o  e s t a b l i s h  t h e  e f f e c t  of a lunar environment upon t h e  e l e c t r i c a l  c w -  
r e n t  carrying capacity of w i r i n g  i n  various s i zed  bundles. Appropriate 
t e s t i n g  w i l l  allow evaluation of the  approaches taken by NAA, GAEC, and 
MIT . 

L;EM Measurement Requirements 

Measurement requirements f o r  the  LEM a r e  being formulated under a 
block instrumentation concept, LEM 1, 2, and 3, comprise one block and 
LED! 4 through 10, another block. The lunar test  a r t i c l e s  (LTA) (vehic les  
for ground tests)  and two f l i g h t  t e s t  a r t i c l e s  w i l l  be ind iv idua l ly  
instrumented. 

A LEM 4 through 10 measurement requirements l i s t  i s  i n  publication. 
The.requirements have been coordinated within MSC and t h e  LEM contractor.  
The l i s t  i s  approximately 86 percent complete and w i l l  be updated as 
more data becomes ava i l ab le .  The measurements for t h e  s t a b i l i t y  and 
con t ro l  area are approximately 50 percent defined. 
l i s t  contains requirements f o r  approximately 800 parameters; 403 of which 
are t o  be telemetered. 
added as a r e s u l t  of t h e  s t a b i l i t y  and cont ro l  d e f i n i t i z a t i o n ,  

The LEM 4 through 10 

Approximately 70 add i t iona l  parameters w i l l  be 

The measurement requirements for LEM 1, 2, and 3 are being prepared, 
and they  a r e  scheduled f o r  completion by November 1, 1964. 
measurement requirements w i l l  be forthcoming 30 t o  90 days later. 

The LTA's 

E lec t r ica l /Elec t ronics  Packaging 

On Ju ly  1, 1964, d i rec t ions  were issued t o  NAA which updated 
humidity/contaminant design and t e s t  c r i t e r i a  f o r  equipment wi th in  t h e  
command module (CM).  
t h i s  requirement. 

A i r f r a m e  008 i s  t h e  f i rs t  vehic le  a f f ec t ed  by 

After a one-month study t o  determine t h e  f e a s i b i l i t y  of u t i l i z i n g  
a lower equipment bay environmental cu r t a in  ( LEBEC ) t o  p ro tec t  e l e c t r i c a l /  
e l ec t ron ic  equipment, t h i s  proposal w a s  r e j ec t ed  by NAA and MSC. 
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On July 31, 1964, MSC personnel reviewed t h e  proposed Block I CM 
"humidity-f ix" for  e l e c t r i c a l / e l e c t r o n i c  equipment. 
proposed pro tec t ion  techniques were considered adequate. 
following were i d e n t i f i e d  as problem areas : 

Generally, t h e  
However, t h e  

a. 

b. 

Humidity p ro tec t ion  f o r  S-band transponder and up-data l i n k ,  

Humidity/contaminant p r o t e c t  ion f o r  e n t i r e  CSM during all 
ground phases with emphasis on equipment loca ted  ex te rna l  t o  the  CM 
cabin. 

c. Lack of adequate q u a l i f i c a t i o n  of spacecraf t  harnesses. 

d. EM1 wi th in  SCS. 

NAA was d i r ec t ed  t o  reconfigure t h e  CM lower equipment bay with t h e  
"ring-mount." This configuration d iscards  i n f l i g h t  maintenance, u t i l i z e s  
repackaged e l ec t ron ic s  i n t o  higher but smaller ( i n  volume ) boxes which 
a r e  fastened t o  t h e  cold p l a t e s  with through-bolts r a t h e r  than clamps, 
saves weight, improves humidity pro tec t ion ,  'and incorporates redundancy 
and func t iona l  requirement changes. A t  t h i s  same time, NAA and MIT were 
d i r ec t ed  t o  hermetically seal e l e c t r i c a l / e l e c t r o n i c  equipments. I n  iso- 
l a t ed  instances i n  which performance, weight, cos t  and/or schedule might 
be ser ious ly  compromised by u t i l i z a t i o n  of hermetic sea l ing ,  MSC w i l l  
review a l t e r n a t e  proposals and waive t h e  hermetic spec i f i ca t ion  when it 
is  deemed desirable.  

Electromagnetic Compatibility 

The electromagnetic compat ib i l i ty  program f o r  NAA w a s  revised, and 
EMC t e s t i n g  of spacecraf t  equipment w i l l  be l imi t ed  t o  one of a type. 
If s i g n i f i c a n t  changes o r  modifications are made, f u r t h e r  t e s t i n g  may 
be necessary. EMC t e s t i n g  of GSE s h a l l  be l imi t ed  t o  one of a type 
"mission essent ia l ' '  GSE as approved by NASA. MIL-1-26600 and MSC adden- 
dum NSC-EMI-IOA a r e  the  MSC-EMC con t ro l l i ng  spec i f i ca t ions .  T;jlA has been 
permitted t o  use the  NAA-EMC spec i f i ca t ion  as a n  i n t e r p r e t a t i o n  of t h e  
KC-EMC spec i f ica t ions .  

Instrumentation and Communications 

The instrumentation and communication i n t e r f a c e  c o n t r o l  documenta- 
t i o n  (ICD) for SA-6 and SA-7 was completed and signed by MSC and MSFC. 
The I C D  for SA-201 is expected t o  be completed by October 19, 1964. 
frequency plan f o r  t h e  Saturn I B  program was completed and signed by 
MSC and MSFC. 

The 
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DESIGN INTEGRATION 

I 

I .  

LEM Umbilical Relocation on Spacecraft LEM Adapter (SI,A).- The 
r a d i a l  loca t ion  of t h e  LEM umbilical  p l a t e  on t h e  SLa was changed i n  
order  t o  prevent a major redesign o f  t h e  Complex 39 launch umbilical  
tower (LUT) instrument-unit (IU) swing arm. The nominal pos i t i on  of 
t he  umbil ical  p l a t e  was changed from 53' from t h e  -Z a x i s  toward the  
+Y a x i s  t o  73' from t h e  -Z ax i s  toward t h e  +Y a x i s  a t  s t a t i o n  X 

This umbilical  re loca t ion  i s  e f f ec t ive  on all launch pads, 

608.25. A 

Command Module (CM) Access Hatch,- A func t iona l  mock-up of t h e  CM 
access  hatch w a s  ins ta l led on the Block I CMmock-up f o r  review by MSC. 
Egress t r ia ls  wi th  t h i s  mock-up indicate  that t h e  average t i m e  f o r  egress 
of t h e  center  crewman is less than  45 seconds. NAA has been requested 
t o  update t h e  mock-up t o  include t h e  boost protective-cover egress  pro- 
v is ions  as w e l l  as t h e  minor design changes which have r e su l t ed  from 
t h e  MSC review. They w i l l  a l s o  be included i n  the  Block I1 CM hatch 
design. It is  expected t h a t  t h i s  work w i l l  be accomplished by m i d -  
December 1964. 

Thermal Control. - The environmental con t ro l  subsystem (ECS) radia- 
t o r  w i l l  be redesigned t o  incorporate t h e  se l ec t ive  s tagnat ion  concept. 
This concept u t i l i z e s  f l u i d  s tagnat ion i n  t h e  r a d i a t o r  tubes under lower 
load conditions t o  allow a wider load var ia t ion .  This w i l l  circumvent 
t h e  f reez ing  problems of t he  present design, The a rea  w i l l  a l s o  be in-  
creased t o  accommodate a subs t an t i a l  increase i n  heat  r e j e c t i o n  require-  
ments. The increase w i l l  a l s o  l i m i t  water boi l ing  i n  lunar  o r b i t  such 
t h a t  water may be transferred t o  IEM, thus reducing L;EM i n j ec t ed  weight. 

The thermal design c r i t e r i a  for  t he  spacecraf t  has been redefined 
t o  e l imina te  t h e  severe "worst case" requirement, The new c r i t e r i a  
e s t a b l i s h  a spec i f i c  sequence of or ien ta t ion  with a l imited time of 
"worst case" operation for each subsystem t o  provide required space- 
c r a f t  operat ional  f l e x i b i l i t y .  

Weights. - The CM weight increase,  shown i n  t a b l e  I, is  a r e s u l t  of 
rev is ion  t o  t h e  estimates f o r  t h e  Block I1 changes. 
changes are due t o  the addi t ion  of b a l l a s t  required t o  maintain the de- 
sired L/D r a t i o .  
increases  i n  f l o t a t i o n  system, addi t ion of a postlanding ven t i l a t ing  
system, addi t ion  of p a r t i a l  display computer controls ,  and various 
s t r u c t u r a l  changes and modification. 

Additional weight 

Other rev is ions  accounting f o r  weight va r i a t ions  are 

Service module weight changes f o r  t h e  report ing per iod are revis ions 
of Block I1 estimates. 
the  residuals t o  eliminate t h e  GSE propel lant  loading instrument e r r o r  

Increases i n  weight a l s o  r e f l e c t  t h e  rev is ion  of 



40 

2 
M .d 

W m  0 
0 

rl 
k Q  rl * 
0 
U 

3 0 0  O* 

0 
r- 
r- 
* 

03 f 

W 

n - 
0 
W 

0 

rn 

0 0 0 0 0  
O O r l O r l  

r n M M 0 3 r l  
0 
rl 

cn 
8 

(u 

", "0, O* a, N* 

.3 

H 

I 
t: 
B 
P 
3 rn 

0 
0 

3 
r n  

O* 

rl p 



41 

from the  burnout weight. 
due t o  r e loca t ion  of equipment from Sector I and miscellaneous environ- 
mental con t ro l  weights. 

Other changes during t h e  repor t ing  per iod were 

The weight change f o r  t h e  launch escape subsystem w a s  because of 
increases  i n  t h e  boost cover and canard i n s t a l l a t i o n  and reductions i n  
required b a l l a s t  which are consis tent  with CM weight changes. 

The weight increases  in  t h e  LEM during the  repor t ing  per iod are due 
t o  add i t ion  of t h e  transponder antenna and wave guide, r e d e f i n i t i o n  of 
GFE, rev is ion  of t h e  LiOH system, and re loca t ion  of equipment. Addi- 
t i o n a l  weight changes are t h e  r e s u l t s  of t h e  r eca l cu la t ion  of vendor 
weights, rev is ion  of t h e  e l e c t r i c a l  supply system as a r e s u l t  of addi- 
t i o n  of a ba t t e ry ,  and reca lcu la t ion  of r eac t an t  and r eac t an t  tankage. 

The above changes i n  t h e  L;EM a r e  i n e r t  weight changes and have 
caused changes i n  t h e  required ascent  and descent s tage  propel lan ts ,  

Command Module 

A major e f f o r t  was put  f o r t h  on t h e  Block I1 command module re- 
design with t h e  major consideration being given t o  t h e  guidance and 
c o n t r o l  system cont ro ls  and displays.  

a. A bas ic  func t iona l  concept w a s  used, and many of t h e  guidance 
and con t ro l  system switching functions were brought t o  the  cont ro l  
panel .  Thus, t h e  ne t  r e s u l t s  were major changes t o  t h e  f l i g h t  con t ro l  
system cont ro ls  and displays a s  w e l l  as a l a rge  increase i n  system opera- 
t i o n a l  f l e x i b i l i t y .  

b. A second f l i g h t  d i r e c t o r  a t t i t u d e  ind ica tor  (FDAI) w a s  added 
t o  Block I1 with t h e  capab i l i t y  of being driven from e i t h e r  t h e  i n e r t i a l  
measuring u n i t  or t h e  body mounted a t t i t u d e  gyros (PNAG) t o  increase t h e  
crew's opera t iona l  f l e x i b i l i t y .  

c. Block I1 w i l l  have only one t r a n s l a t i o n a l  con-trol ler ,  as opposed 
t o  two i n  Block I, with equivalent r e l i a b i l i t y  b u i l t  i n t o  i n t e r n a l  re -  
dundancy of t he  con t ro l l e r .  

A s o f t  mock-up of Block 11, with a s i l k  screen con t ro l  and display 
panel ,  w a s  reviewed on September 30, 1964. 
cerning the  panel  had been worked out between NAA and MSC with respect  

Most of t h e  problems con- 
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t o  t h e  funct ional  arrangement of t h e  f l i g h t  cont ro l  switches. 
some addi t iona l  a t t e n t i o n  t o  controls  and displays w i l l  be required 
p r i o r  t o  the  hard mock-up review scheduled f o r  February 1965. 

However, 

The MSC a t t i t u d e  con t ro l l e r  funct ional  spec i f i ca t ion  f o r  CM and 
LEM was firmed up on September 10, and ASP0 has submitted appropriate  
d i rec t ions  t o  the  contractor.  

The entry monitor system (EMS) concept was a l t e r e d  t o  a s c r o l l  type 
instrument with a choice of s i x  entry p r o f i l e s  and a single plane scr ibe .  
The EMS has been eliminated from Block I vehicles ,  

A Block I CSM crew compartment l i gh t ing  mock-up review w a s  held a t  
NAA on September 3, 1964. The l igh t ing  concept was considered adequate 
for Block I vehicle u t i l i z a t i o n  with c e r t a i n  noted exceptions which the  
contractor  w i l l  r e c t i f y .  

Lunar E e u r s i o n  Module 

I n  July 1964, a review of t he  i n t e r n a l  I;EM l i gh t ing  was held a t  
GAEC. The electroluminescent (EL) i n t e g r a l  l i gh t ing  with associated 
f lood l igh t ing ,  demonstrated on t h e  TM-lmock-up, was evaluated by MSC 
and found t o  be conceptually acceptable. F ina l  acceptance of t h e  EL 
l i gh t ing  w i l l  be granted when production hardware i s  demonstrated t o  be 
equal or b e t t e r  than that shown during the  i n i t i a l  l i gh t ing  review. 
The October M-5 mock-up w i l l  have more advanced EL l i gh t ing  system than 
t h a t  shown on the  TM-1. 

An extensive review of t h e  onboard t i m e r  requirements f o r  t h e  Apollo 
mission w a s  conducted by MSC. 
display requirements f o r  a d i g i t a l  event timer and an analog mission 
timer i n  l i e u  of t he  analog event t i m e r  and a GMT clock. 
d i g i t a l  event t i m e r  w i l l  be func t iona l ly  common, 
the  Apollo mission w i l l  be i n  hours, minutes, and seconds. 

The r e s u l t s  of t h i s  review indicated t h e  

The CM and LEM 
A l l  t i m e  reference f o r  

A review of t he  display requirements for t h e  propel lant  quant i ty  
of t h e  descent and ascent  propulsion systems was conducted. 
indicated t h a t  there  i s  an operat ional  requirement f o r  continuous moni- 
to r ing  of descent propel lant  quantity.  
el iminated the  forward docking tunnel and added a n  overhead window for 
the  command astronaut .  

The r e s u l t s  

A major change i n  LEM design 
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TRAINING 

Training Equipment 

A cos t  study w a s  conducted a t  NAA t o  recommend reduction of Apollo 
t r a i n e r  expenses and t o  improve de l ivery  schedules. 
mendations r e su l t ed :  

The following recom- 

a ,  Complete Apollo p a r t  t a s k  t r a i n e r  i n  a s impl i f i ed  launch and 
r een t ry  configuration. 

b. k i n t a i n  contracted schedule f o r  Apollo mission simulators 
(AMs 1. 

e. I n i t i a t e  an ac t ion  p lan  t o  minimize delays i n  supplying f l i g h t  
c o n t r o l l e r  t r a in ing .  

A l e t te r  of i n t e n t  has been given t o  Link Aviation by GAEC f o r  con- 
s t r u c t i o n  of two LEM mission simulators. Negotiations were conducted 
between GAEC and Link during Ju ly  t o  def ine  t h e  cont rac t .  

The cont rac tor  t r a j ec to ry - in t e r f ace  t a s k  group, formed t o  implement 
t h e  AMS/MSCC in t e r f ace ,  has m e t  s i x  times within t h e  p a s t  t h r e e  months 
and has submitted preliminary recommendations for booster malfunction 
con t ro l ,  data t r a n s f e r  requirements, timing, and coordinate systems. 

A task group (NASA/GAEC/NAA) was formed t o  implement t h e  LMs/AMS 
i n t e r f a c e ,  The f i rs t  meeting w i l l  be held i n  October. 

Systems Training 

Fabrication of t h e  CSM systems t r a i n e r s  was i n i t i a t e d .  There has 
been considerable coordination with NAA-SgID i n  t h e  areas of spares 
support, tes t  and acceptance procedures, and the  use of i n s t r u c t o r  per- 
sonnel f o r  systems courses. 
s y s t e m  trzizer test. a ~ d  acceptance procedures has been completed, 
S&ID has submitted an o v e r a l l  plan t o  MSC, and NAA-LAD is  preparing a 
l i s t  of t h e  s p e c i f i c  t r a i n e r  operational tests. 

Ground work f o r  t h e  generation of  t h e  Apollo 
NAA- 

The Apollo ECS, e l e c t r i c a l ,  SCS, and sequent ia l  t r a i n e r s  should be 
ready f o r  de l ivery  t o  MSC i n  e a r l y  December 1964. The Apollo propulsion 
systems t r a i n e r  should be ready f o r  de l ivery  t o  MSC during January 1965. 
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EIVGINEERING SIMULATION 

A program review w a s  ca r r i ed  out a t  NAA, r e su l t i ng  i n  reductions i n  
personnel and simulation f a c i l i t i e s  t o  reduce costs .  NAA w i l l  have a 
hybrid-systems simulation computing f a c i l i t y  capable of t i e - i n  t o  e i t h e r  
of two command module mock-ups with prototype displays,  controls ,  and 
furnishings.  
capabi l i ty  fo r  closed-loop evaluation of systems hardware, Iln extensive 
entry-modes simulation study w a s  completed a t  NAA i n  which s t a b i l i z a t i o n  
and cont ro l  system f a i l u r e  modes and cor rec t ive  ac t ions  were evaluated. 

They w i l l  a l s o  have a G&C laboratory with analog computer 

Preparations are being made a t  Grumman for two la rge  simulations. 
One ( I I B )  w i l l  cover t he  descent, ascent,  and abor t  phases of t h e  LEN 
mission; and t h e  o ther  ( I I I B )  w i l l  cover t h e  hover, landing, separat ion,  
and docking phases, The hybrid computer por t ion  of I I B ,  without cockpit  
o r  v i sua l  displays,  has been i n  operation s ince  e a r l y  August as a real- 
time ana ly t i ca l  f a c i l i t y .  The lunar terrain models and v i sua l  display 
equipment are being assembled. They are expected t o  be i n  operation i n  
January 1965, and w i l l  serve as t h e  main systems evaluation t o o l  a t  
G r m a n  u n t i l  t he  f u l l  mission engineering simulator becomes operat ional ,  
The f u l l  mission simulator w i l l  use the  same v i sua l  display systems, but 
w i l l  have more detailed systems simulation and a c t u a l  hardware t i e - i n .  

MIT is  implementing a combined hardware-software-cockpit type simu- 
l a t o r  f o r  CM and LEM for more complete evaluat ion of t h e i r  systems de- 
sign. A CMmock-up with prototype display and cont ro l  equipment 
i s  present ly  t ied- in  t o  simulation computers. Optical  subsystem equip- 
ment i s  being added t o  evaluate navigation-sighting crew tasks  and 
performance. 

MSC a c t i v i t i e s  included i n s t a l l a t i o n  and checkout of a v i r t u a l -  
image window display system which i s  used t o  conduct a simulation of 
t h e  LEN landing and touchdown t o  evaluate design c r i t e r i a .  

A closed-loop simulator evaluation of L i t t l e  Joe I1 f l i g h t  cont ro l  
hardware was ca r r i ed  out.  

"&e Lengley Research Cle~ter fell s c i l n  decking sinzlztcr 31s been 
i n  operation f o r  t h e ' t o p  hatch LEM ac t ive  docking s ince  September 14. 
t ronauts  and FCSD p i l o t s  have been pa r t i c ipa t ing  i n  t h e  simulation. 
object ive of t h e  study is  t o  e s t ab l i sh  p i l o t i n g  procedures f o r  overhead 
docking using various s igh t ing  a i d s  and under d i f f e r e n t  lighting 
conditions. 

As- 
The 
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ACCEPTANCE CKECXOUT EQ,UIPMENT - SPACECRAFT 

The ACE/SC S ta t ion  No. 1 a t  N U ,  Downey, w a s  accepted. 
ACE-SC s t a t i o n  development engineering inspect ion (DEI)  w a s  
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Also, the 
c omple t ed 

on September 23, 1964. 
submitted. None of the  submitted WC items were requests  f o r  design 
change, which indicated conformance with ACE-SC systems spec i f i ca t ions  
and requirements. 

There were 16 requests  f o r  change (RFC) i t e m s  

It has been determined t h a t  the G&N accelerometers w i l l  be monitored 
wi th  an osci l loscope which w i l l  be i n s t a l l e d  i n  the  ACE-SC G&N consoles. 
This w i l l  cons is t  of displaying the 3200 cps monitor s i g n a l s  from t h e  
pu l se  in tegra ted  pendulum accelerometer (PIPA) loops, and it w i l l  al low 
check-out similar t o  t h a t  es tabl ished on o ther  programs, 

The servicing equipment adapter (C14-240) and t h e  serv ic ing  equip- 
ment d i g i t a l  tes t  command system (C14-241) have been re loca ted  from t h e  
launcher umbilical  tower (LUT) t o  the  mobile arming tower (MAT) f o r  Cape 
Kennedy operat ions r e su l t i ng  i n  s ign i f i can t  opera t iona l  advantages be- 
cause it w i l l  not requi re  disconnection of approximately 100 cables  
(60 conductors each) when t h e  MAT i s  removed. 

GROUNE SUPPORT EQUIPMENT 

During t h i s  quar te r  NASA has evaluated t h e  requirements for 157 
models of GSE submitted by NAA f o r  cont rac tura l  coverage. These in-  
cluded newly defined models as w e l l  as quant i ty  changes i n  previously 
approved models. The d i r ec t ion  t o  NAA wi th  respec t  t o  t h e  157 submit ta ls  
w a s  84 approved, 27 approved wi th  quant i ty  change, and 46 disapproved. 

Since Ju ly  1, 1964, t he re  have been a t o t a l  of s i x  GSE requirements 
reviews held; t'hree a t  GAEC, and three  a t  iL4.A. During t h e  G U C  require-  
ments review, requirements f o r  58 newly i d e n t i f i e d  models were evaluated, 
NAA.approved 38 models and disapproved 20. 
views, requirements f o r  83 newly iden t i f i ed  models were evaluated, NASA 
approved 55 new models and disapproved 28. 

A t  t h e  NAA requirements re- 

Logistics.  - The Apollo "black-box" spar ing pol icy  w a s  implemented 
f o r  a l l  Apollo contractors .  The policy states t h a t  e l e c t r i c a l  and 
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e l ec t ron ic  f l i g h t  hardware i s  t o  be spared t o  the  "black box" leve l .  
All other  f l i g h t  hardware and GSE w i l l  be spared t o  the  lowest s e r i a l -  
ized replaceable u n i t .  The nominal spares t o  be provided f o r  f l i g h t  
hardware a r e  t h ree  complete systems plus one equivalent system. 

Transportation requirements f o r  Apollo were reviewed t o  insure 
adequate t ranspor ta t ion  f o r  t h e  program. A need f o r  a backup a i r c r a f t  
t o  support the  B-377 PG w a s  recognized, and a request f o r  an add i t iona l  
B-377 PG was forwarded t o  NASA Headquarters, Studies were made t o  de- 
termine the  most f e a s i b l e  mode f o r  t ranspor t ing  the  LEM adapter.  
indicated t h a t  t he  he l icopter  mode w a s  most des i rab le  and the  Army has 
been requested t o  provide support t o  MSC with a CH-46A he l icopter  p r i o r  
t o  December 1964. 

Studies  

E lec t r i ca l . -  During the  GAEC concept reviews a t o t a l  of 19 GSE 
models were reviewed; NASA approved 9 models without change, and 10 
models were disapproved. A t  t h e  NAA concept reviews a t o t a l  of 98 GSE 
models were reviewed; 67 were approved and 31 disapproved. Also, during 
t h i s  period, MSFC has agreed t o  fu rn i sh  a l l  d-c power suppl ies  t o  sat- 
isw MSC requirements a t  launch complexes 34 and 37B. 
funct ional  and acceptance check-out on these  power suppl ies .  

MSC must perform 

Location of t he  GSE servicing equipment f o r  pad 34 and pad 37 has 
been completed. Six t r a n s f e r  u n i t s  and t h e  assoc ia ted  cont ro ls  w i l l  be 
located on the  MAT a t  launch pad 39. The u n i t s  are t h e  helium, l i qu id -  
hydrogen, and liquid-oxygen t r a n s f e r  units and the  RCS oxidizer ,  SM RCS 
f u e l ,  and CM RCS f u e l  servicing un i t s .  

A s  a r e s u l t  of a study t o  reduce t h e  t o t a l  NAP, GSE t a sk ,  24 GSE 
models were de le ted  and the  number of o ther  models w a s  reduced by 87 
u n i t s ,  This reduction i n  GSE w a s  made poss ib le  by supplying c e r t a i n  
i t e m s  of GSE as government f u r n h h e d  property (GFP), by a change i n  pro- 
gram philosophy, and by t h e  time-sharing of ava i l ab le  equipment. 

The design concepts of 71 mechanical models w e r e  reviewed during t h i s  
period. O f  t h e  53 i t e m s  presented by NAA f o r  reviews; 36 were approved, 
10 deleted due t o  lack of requirement f o r  t h e  equipment, and 8 i t e m s  a r e  
beir,g held pendi~g presentat ion of new concepts. Nineteen concepts were 
presented by GAEC. NASA approved 10 items and disapproved 9. 
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CHECKOUT 

A s  a r e s u l t  of t he  early a v a i l a b i l i t y  of t h e  ACE-SC systems, t h e  
requirements f o r  most of t he  NAA spec ia l  tes t  un i t s  (STIJ) were reevalua- 
t e d  t o  save funds and avoid duplication of engineering e f fo r t .  A f t e r  an 
ana lys i s  of t h e  47 STU un i t s  scheduled f o r  t h e  Apollo Program, it was 
determined t h a t  36 of t he  uni t s  could be deleted. 
supply th ree  un i t s  f o r  i n i t i a l  u t i l i z a t i o n  a t  NAA bwney and e ight  u n i t s  
a t  PSDF. 
This u t i l i z a t i o n  study resu l ted  in  e l iminat ion of STU equipment a t  MSC 
and a t  Cape Kennedy. 

NAA was d i rec ted  t o  

One of t he  Downey u n i t s  w i l l  u l t imate ly  be shipped t o  PSDF. 

On September 16, 1964, the  a s t e r n  T e s t  Range (Em) released launch 
complex 16 t o  NASA f o r  use as a service propulsion subsystem tes t  f a c i -  
l i t y  and s t a t i c  f i r i n g  stand. Work has been i n i t i a t e d  by NASA and NAA 
t o  s tar t  modification of t he  f a c i l i t y ,  t o  make maximum use of ex i s t ing  
pad GSE, and t o  def ine any addi t iona l  GSE requirements. 

A decis ion has been reached on the  radar boresight f a c i l i t y  tes t  
requirements. The radar w i l l  be boresighted as a system, and the re  i s  
no requirement t o  run an end-to-end check with t h e  e n t i r e  f l i g h t  con t ro l  
system operating, This w i l l  reduce t h e  t e s t  complexity a t  t h e  boresight  
f a c i l i t y ,  and a l l  end-to-end f l i g h t  con t ro l  systems checks w i l l  be per -  
formed i n  t h e  O&C building, 

The basic  checkout sequence f o r  AFRM 009, 011, and 012 has been 
defined, 
96 days. 
on AFRM 009, t h e  ove ra l l  checkout t i m e  is approximately 82 days, 

The ove ra l l  checkout time f o r  011 and 012 through launch i s  
Because the  f u e l  c e l l s  and cryogenic tankage have been de le ted  

The command module and service module RCS w i l l  not be s t a t i c  f i r ed  
as p a r t  of t h e  prelaunch checkout. 
pressure gas checks. Referee propel lants  w i l l  be used t o  evaluate t h e  
flow cha rac t e r i s t i c s  of t he  RCS system a t  ETR. 

The RCS w i l l  be given low- and high- 

The basic  concept and sequence f o r  servicing t h e  L;EM and CSM have 
One cont ro l  u n i t  ((214-241.) w i l l  be used conci.rrent.ly hy been defined. 

I224 and CSM. 
by the NASA test  conductor from the ACE-SC cont ro l  room a t . t h e  O&C bui ld-  
ing. Both contractors  w i l l  be ab le  t o  monitor t he  status of a l l  ser- 
v ic ing  equipment during the  t r ans fe r  of propel lants  and cryogenics. 

Transfer of cont ro l  between L;EM and CSM w i l l  be performed 
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OPEBATIONS P W I N G  

LUNAR MISSION PLANNING 

During this  quar te r ,  t he  j o i n t  Contractor-NASA mission planning 
study has se lec ted  a design reference mission which w i l l  form a bas i s  
f o r  weight reporting, r e l i a b i l i t y  modeling, crew t a s k  analyses,  and 
mission-related s tud ie s ,  The t r a j e c t o r y  f o r  t h i s  mission is complete, 
and a de ta i l ed  sequence-of -events (beginning with r o l l o u t  from the  
v e r t i c a l  assembly bui ld ing)  i s  i n  preparation. 

Trajectory s tud ie s  have been completed f o r  representa t ive  abor t  
s i t u a t i o n s  throughout t he  lunar landing mission, 

A systematic ana lys i s  of t he  mission-related func t iona l  design 
requirements f o r  each spacecraf t  subsystem has been i n i t i a t e d .  
p a r t  of t h i s  task ,  t h e  present  subsystem designs are being assessed 
f o r  t h e i r  adequacy i n  meeting these  requirements f o r  both nominal and 
contingency s i t u a t i o n s ,  

A s  a 

Major emphasis during the  next qua r t e r  w i l l  be placed on a comple- 
t i o n  of t he  ana lys i s  of t he  subsystem funct iona l  requirements and i n t e -  
g ra t ing  these requirements i n to  t h e  spacecraf t  spec i f i ca t ions ,  

Bnphasis w i l l  a l s o  be placed on developing d e t a i l e d  sequence-of - 
events f o r  representa t ive  abor t  p r o f i l e s  and updating t h e  present  de- 
s ign  reference mission t o  r e f l e c t  recent  changes. 

Apollo System Speci f ica t ion  

MSC i s  continuing the  s tud ie s  on d i f fe rences  between t h e  MSF speci-  
f i c a t i o n  and current  spacecraf t  design. A t  present  t h e r e  a r e  two known 
discrepancies and nine design objec t ives  i n  t h e  MSF spec i f ica t ion .  
During the  last quar te r ,  t he  following s tud ie s  have been completed, and 
t h e  Apollo Spacecraft  Program Office (ASPO) has formally requested t h e  
MSF t o  rev ise  t h e  system spec i f i ca t ion  accordingly: 

a. The requirement f o r  reducing the  ve loc i ty  of t h e  command module 
(CM) t o  l e s s  than 30 f t / s ec  by t h e  t i m e  of touchdown was de le ted  and 
replaced by t h e  following requirement: 
be designed such that t h e  crew to le rances  t o  impact loads shall not be 
exceeded under any design combination of rate of descent,  CM a t t i t u d e  
a t  impact, or hor izonta l  ve loc i ty  f o r  both land and water landings. 

"The e a r t h  landing system s h a l l  
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b. The requirement f o r  CM f l o t a t i o n  i n  sea state-6 water environ- 
ment has been deleted and replaced by t h e  following requirement: "For 
water landings, t h e  s t r u c t u r e  shall be capable of a sa fe  landing i n  an 
environment of wave heights  t o  8.5 feet ,  wave s lope t o  8.4 degrees, and 
wind ve loc i ty  t o  28.5 knots. 
being recovered, f o r  a minimum of seven days following touchdown con- 
s ider ing  weather conditions up t o  40 knot winds and wave heights  t o  
18 f e e t .  

The CM s h a l l  remain a f l o a t ,  capable of 

c. The requirement f o r  a survivable environment and necessary pro- 
v i s ions  f o r  3 men f o r  7 days a f t e r  landing on ea r th  or water has been 
de le ted  and replaced by t h e  following: "After touchdown on water the  
CM s h a l l  provide a habi table  environment with necessary provisions f o r  
3 men and operat ion of recovery aids f o r  a per iod of 48 hours." 

d. The requirement fo r  50 percent excess atmospheric gas supply 
f o r  t h e  CM and LEM has been changed: 
t he  atmospheric gas necessary t o  sustain t h e  CSM and L;EM metabolic, 
leakage, repressur iza t ion ,  and portable  l i f e  support su5system (PES) 
recharge requirements for a nominal 14 day (L;EM 48 hoxrs separa ted)  
lunar  landing mission. 
age supply systems s h a l l  be provided i n  the  CSM and LEM which, when used 
under approved emergency operating procedures, s h a l l  al low f o r  s a fe  abor t s .  

"The CSM and LEM s h a l l  provide 

Alternate  o r  redundant atmospheric oxygen s t o r -  

During t h i s  quar te r  a NASA Let ter  t o  NAA provided the  mission objec- 
t i v e s  f o r  Mission 201 which del ineated t h e  f i r s t ,  second, and t h i r d  order  
object ives .  

Another NASA Let te r  t o  NAA provided add i t iona l  d e t a i l s  on Apollo 
mission 202 (CSM 011) t o  permit NAA t o  proceed with t h e  design of t h e  
spacecraf t  programmer. The l e t t e r  de l inea ted  f i r s t ,  second, and t h i r d  
order  object ives  f o r  mission 202. 
descr ip t ion ,  sequence-of-events, t r a j ec to ry  p r o f i l e  and ground t racking  
s t a t i o n  support that a r e  expected t o  be available. 

It a l s o  provided a preliminary mission 

An MSC TWX t o  GAEC provided preliminary mission de f in i t i ons  f o r  
missions 206 through 210 (LEM's 1 through 5 ) .  
m a r y  unmanned mission and an a l t e rna te  manned mission. 
LEMis were t o  b e  pr imari ly  manned with alternate unmanned capabi l i ty .  
A l l  LEM's flown on Saturn V launch vehicles  a r e  t o  be planned t o  be 
manned and operated by the  L;EM crew a f t e r  t r a n s f e r  from t h e  CSM. 

LEM 1 is  t o  have a p r i -  
The subsequent 

An Apollo support group (ASG) le t te r  es tab l i shed  object ives  and pro- 
f i l e  requirements for spacecraf t  missions on 5Ol and 502, and requested 
ASG t o  provide a preliminary mission t r a j e c t o r y  p r o f i l e ,  



Launch Time Constraints 

Studies r e l a t i n g  t o  t h e  environmental cons t r a in t s  on t h e  e a r t h  
launch have been completed and t h e  r epor t  i s  i n  preparat ion.  Resul ts  
i nd ica t e  that a combination of a l l  t h e  proposed launch cons t r a in t s  
v i r t u a l l y  e l imina te  a l l  poss ib le  launch opportuni t ies ,  thus  some of 
t h e  more r e s t r i c t i v e  cons t ra in ts  w i l l ' h a v e  t o  be examined i n  more de- 
t a i l '  and possibly eliminated. 
w i l l  be examined next t o  determine i f  t he  launch cons t ra in t  problems 
can be a l lev ia ted .  

The spacecraf t  performance f l e x i b i l i t i e s  

FLIGHT TEST PROGRAM 

Signi f icant  agreements from t h e  n in th  meeting of t h e  MSC-MSFC f l i g h t  
mechanics, dynamics, guidance, and cont ro l  panel held a t  MSFC i n  July 
are summarized as follows: 

a. The r o l l - r a t e  s e t t i n g  f o r  t h e  emergency de tec t ion  system (EDS) 
should be reduced from 4@/sec t o  a value between 20°/sec and 5'/sec. 
Preliminary s tud ie s  ind ica t e  that t h e  maximum expected r o l l - r a t e  f o r  
a normal mission f o r  Saturn I B  and V w i l l  be about ?'/see, while t h e  
phys ica l  l imi t a t ion  of t h e  present  MSFC r a t e  gyros i s  20°/sec. 

b. Sign-off dates  f o r  f l i g h t  mechanics panel  i n t e r f ace  cont ro l  
documents (ICD) were defined f o r  Saturn I, IB,  and V vehicles  through 
SA-503. No I C D  w i l l  be published by t h e  panel on SA-8, 9, o r  10, be- 
cause of the l imi ted  in t e r f ace  ex i s t ing  f o r  these  vehicles .  

c. There is no requirement t o  r e t a i n  t h e  launch escape system (ICES)  
beyond normal LES j e t t i s o n  time i n  order t o  provide LES abor t  capab i l i t y  
i n  t h e  event of no S-I1 second plane separat ion.  This agreement i s  based 
on t h e  absence of any immediate ca tas t rophic  event resu i t i i ig  f r o a  EO 

S-I1 second plane separation. 

d, The type of SA-201 p r o f i l e  defined i n  MSC I n t e r n a l  Note 64-FM-20, 
"Project Apollo Preliminary Mission 201 Trajectory Prof i le , ' '  i s  accept- 
able t o  MSC and MSFC from t h e  f l i g h t  mechanics, dynamics, guidance and 
con t ro l  viewpoint. 
p r o f i l e  w i t h  a range of 4,600 n. m i .  and a time from l i f t - o f f  t o  sp lash  
of  approximately 2,700 seconds. 
230 n. m i .  e a s t  south east of Ascension Is land ,  A maximum t o t a l  heat  

rate i n  excess of 250 Btu/ft /sec was achieved a t  an ear th- f ixed  entry 
ve loc i ty  of about 27,000 f p s  and a r e l a t i v e  f l i gh t -pa th  angle a t  en t ry  

This is a suborb i t a l  lob-type (300 n. m i .  apogeej 

This r e s u l t s  i n  a touchdown poin t  about 

2 
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of about -10". 

maximum t o t a l  heat  load w a s  s l i g h t l y  i n  excess of 11 000 Btu/ft  . 
The maximum t o t a l  load f a c t o r  a t  en t ry  w a s  16g and t h e  

2 

e. Un t i l  f u r t h e r  no t ice ,  Saturn I B  and V performance w i l l  be quoted 
f o r  a LE3 j e t t i s o n  system weight of 8200 pounds. Nominal j e t t i s o n  t i m e  
f o r  Saturn V i s  37 seconds a f t e r  J-2 engine i g n i t i o n  of t he  S-I1 stage.  
Saturn I B  nominal j e t t i s o n  t i m e  i s  under review and i s  approximately 
20 seconds after 5-2 engine ign i t ion  of t h e  S-IVB stage.  

(See t a b l e s  I1 and 111. ) 

SPACECRAFT TEST 

GROUND TEST ARTICLES 

Boi le rp la te  27 - Second Dynamic T e s t  A r t i c l e  

Fabricat ion o f  t he  CX, SM, and launch escape subsystem (LES) w a s  
completed. 
September 17, 1964. 

A design engineering inspect ion (Ty-pe N)  w a s  he ld  on 

The CSM w i l l  be shipped t o  MSC i n  early October 1964 for vehicle  
s h e l l  and panel modal t e s t ing .  The L E  and CSM w i l l  be del ivered t o  
MSFC p r i o r  t o  February 1, 1965. 
del ivery  t o  MSFC by January 15, 1965. Current s ta tus  ind ica tes  that 
t h i s  schedule, which supports MSFC dynamic t e s t i n g ,  w i l l  be met. 

The BP-27 adapter  i s  scheduled for 

Boilerplate  14 - House Spacecraft  No. 1 

I n s t a l l a t i o n  of systems tubing and wiring harnesses w a s  completed and 
the  vehic le  was t r ans fe r r ed  t o  t h e  custody of S&ID Apollo T e s t  Operations. 
The e l e c t r i c a l  power (EP) and environmental con t ro l  (EC) subsystem in- 
s t a l l a t i o n s  were completed (less f u e l  c e l l s  and f l i g h t  crew support) .  
Individual  systems tests on these  subsystems are i n  progress.  
w i l l  be completed t o  t h e  extent  planned upon completion of t h e  water- 
g lycol  subsystem operations.  

EPS tes ts  

Communications and f l i g h t  instrumentation, reac t ion  cont ro l ,  and 
se rv ice  propulsion subsystem components are being i n s t a l l e d  concurrently 
with t e s t i n g  on a non-interference t o  test  bas is .  I n s t a l l a t i o n  and in-  
d iv idua l  system checkout of t he  above subsystems are planned t o  be com- 
p l e t e d  during late November 1964 and are on schedule a t  the  present  t i m e ,  

Ieakage i n  t h e  water-glycol loop of t h e  subsystem has caused some 
d i f f i c u l t y .  Replacement of defect ive cold p l a t e s  and t h e  r e p a i r  of 
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system tubing j o i n t s  has been accomplished, and t h e  system i s  cur ren t ly  
operating s a t i s f a c t o r i l y  . 

A i r f r a m e  006 - House Spacecraft  No. 2 

Fabrication of s t r u c t u r a l  details has been completed, and the  
s tr uc t ura 1 s uba s s emb l y  is progre s s ing . 

Manufacturing problems were encountered i n  the  bonding of t h e  sec- 
ondary s t ruc ture  t o  t h e  CM pressure vessel .  The bonding process speci-  
f i c a t i o n  has been revised and non-destructive t e s t i n g  has been performed 
on assembled pa r t s .  Reworking of defec t ive  bonds i n  i n  progress a t  t h i s  
t i m e .  Vehicle f ab r i ca t ion  i s  estimated t o  be approximately 7 weeks be- 
hind schedule. 

Fit-check of t he  ab la t ion  substructure  w a s  completed, and t h e  sub- 
s t ruc tu re  was shipped t o  AVCO i n  Ju ly  on schedule. AVCO repor t s  t he  
i n s t a l l a t i o n  of ab la t ive  material i s  progressing as planned, Reshipment 
t o  NAA i s  expected t o  be on schedule, 

Airframe 001 - Service Module Combined Systems Test Vehicle 

A i r f r a m e  001 i s  a f l i g h t  type serv ice  module which includes the  
following subsystems: s t ruc tu re ,  se rv ice  propulsion, reac t ion  cont ro l ,  
e l e c t r i c a l  power, and cryogenic gas storage.  The primary mission of 
t h i s  tes t  vehicle i s  design v e r i f i c a t i o n  of t h e  f l i g h t  type hardware 
of t he  subsystems followed by in tegra ted  t e s t i n g  of t h e  combined sub- 
systems. Performance c h a r a c t e r i s t i c s  w i l l  be evaluated i n  support of 
the  unmanned and manned f l i g h t  mission. 
ground support equipment i s  a l s o  an object ive of t h e  A i r f r a m e  001 t e s t  
program. The t e s t  program w i l l  be conducted i n  t h e  Propulsion Systems 
Development F a c i i i t y  a t  WSivR. 

Ver i f ica t ion  of t h e  Apollo 

Airframe 001 is  i n  i t s  f i n a l  s tages  of subsystems i n s t a l l a t i o n  with- 
i n  manufacturing. It is  an t i c ipa t ed  t h a t  manufacturing w i l l  be completed 
on October 15, 1964, which w i l l  be followed by a development engineering 
inspect ion on October 16, 1964. 

The t e s t  plan f o r  A i r f r a m e  001 is scheduled t o  be re leased  by NAA- 
S&ID by October 15, 1964. T e s t i n g  of t h i s  vehicle  is scheduled t o  start 
i n  t h e  f irst  quar te r  of 1965. Late de l ivery  of GSE could delay t h e  
start of the test  program; however, t h e  cont rac tor  i s  making an effort  
t o  expedite de l ivery  of t h e  GSE. 
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A i r f r a m e  008 - Spacecraft for Environmental Test 

I 

The AFRM 008 CM inner-crew compartment i s  i n  t h e  honeycomb bonding 
t o o l  and i s  scheduled f o r  closeout welding in  November. The SM a f t  
bulkhead and r a d i a l  beams have been i n s t a l l e d  i n  t h e  f i rs t  assembly 
too l .  
engineering inspection changes, were completed in  mid-September. The 
H/S i s  scheduled t o  be completed i n  Apr i l  1963. 

Heat-shield (H/S) t o o l  changes, required by Block I development 

An acceptable AFFM 008 t e s t  philosophy w a s  agreed upon between 
NAA and MSC during September. 
plan which received preliminary review by MSC i n  October. 

NAA is scheduled t o  r e l ease  t h e  program 

The MSC thermal vacuum chamber f o r  AFRM 008 t e s t i n g  has experienced 
s t r u c t u r a l  problems, and support of t h e  tes t  schedule is  now dependent 
on a n  accelerated work schedule for e f fec t ing  the  necessary r epa i r s .  

A i r f r a m e  007 - Modal Acoustic T e s t  Vehicle 

Modal t e s t i n g  previously assigned t o  AFRM 007 w a s  reassigned t o  
AFRM 006 and reduced i n  scope. 
water impact tests, postlanding qua l i f ica t ion ,  and egress procedures 
development and t ra in ing .  

AFRM 007 w i l l  now support acous t ic  and 

A i r f r a m e  004 - S t a t i c  S t ruc tu ra l  T e s t  Vehicle 

A s  a r e s u l t  of t he  delet ion of AFRM 005 from the  ground tes t  pro- 
gram, thermal t e s t i n g  w a s  assigned t o  AFRM 004. 
por t  both thermal and s t r u c t u r a l  t es t ing .  

AFRM 004 w i l l  now sup- 

Boile'rplate 28 - % r t h  Landing T e s t  Bed 

Assembly of the  vehicle was completed, and it w a s  del ivered t o  t h e  
NAA m i n e e r i n g  Development Laboratory 4 weeks behind schedule, 
weight, vehicle c losure and sealing, and couch design changes have neces-. 
s i t a t e d  modifications t o  the  vehicle,  These modifications w i l l  delay 
t h e  f i r s t  t e s t  drop u n t i l  October 29, 1964. A p r e t e s t  review w i l l  be 
held a t  NAA on October 6 and 7, 1964, 

Control 

Boi lerplate  29 - Flotat ion Test Vehicle 

me vehicle i s  progressing on schedule. The majority of drawings 
have been released and subassembly f ab r i ca t ion  is  i n  progress. The 
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b o i l e r p l a t e  f ab r i ca t ion  j i g  w a s  sent  t o  NAA, and it i s  i n  the  process 
of ve r i f i ca t ion  p r i o r  t o  the start  of major assembly work. 
t r a i n i n g  and t h e  preliminary f l o t a t i o n  phase previously planned w e r e  
reassigned from the  BP-29 t e s t  program t o  AFRM 007. 

IZgress 

A i r f r a m e  005 - Thermal S t ruc tu ra l  and Land 

Impact Test  Vehicle 

This vehicle w a s  deleted from t h e  program. Thermal s t r u c t u r a l  tes ts  
w i l l  be performed on AFRM 004. 
BP-28. 

Land impact t es t  w i l l  be performed on 

KSC and MIU F a c i l i t i e s  Ver i f ica t ion  Hardware 

NU-CSM and SUI.- The NAA proposal f o r  provis ion of f a c i l i t y  ve r i -  
f i c a t i o n  hardware w a s  approved by MSC and con t r ac tu ra l ly  implemented i n  
August. 

Mock-up M - 1 1  and the  Tulsa spacecraf t  IEM adapter ,  provided f o r  
he l icopter  carry s tud ie s ,  w i l l  be modified t o  meet t h e  requirements f o r  
t he  f a c i l i t i e s  ve r i f i ca t ion  vehicle.  Fluid test  sets w i l l  be supplied 
ex te rna l ly  f o r  ve r i f i ca t ion  of f l u i d  system performance.verification of 
f l u i d  system performance. 
adapter w i l l  be performed a t  Downey and Tulsa.  Minor modifications and 
fabr ica t ion  of t he  f l u i d  t e s t  s e t s  w i l l  be done a t  Cape Kennedy. 
planning i s  f o r  t h e  de l ivery  of a l l  major parts of t he  NAA f a c i l i t i e s  
v e r i f i c a t i o n  hardware t o  Cape Kennedy by .nuary 1965. K i t  d e f i n i t i o n  
f o r  f a c i l i t y  ve r i f i ca t ion  hardware i s  cu r ren t ly  i n  process, and work on 
a t e s t  plan, t o  be completed i n  la te  October, has been i n i t i a t e d .  

Major modifications t o  M - 1 1  and t h e  Tulsa 

Current 

GAEC-LZM.- A preliminary proposal f o r  provis ion of f a c i l i t y  v e r i f i -  
ca t ion  hardware w a s  received from GAEC i n  June 1964. 
reviewed and accepted with minor modifications by MSC. 

The proposal was 

Plans f o r  implementing ac t iva t ion .of  t h e  LEM f a c i l i t i e s  a t  MIU, 
including schedules f o r  ac t iva t ion  and a firm proposal f o r  f a c i l i t y  
ve r i f i ca t ion ,  were t ransmit ted by GAEC t o  MSC i n  late September 1964. 
Review of t h i s  proposal should be complete by mid-October. 

GAEC proposed the  use of FTA-1 f o r  v e r i f i c a t i o n  of t h e  launch com- 
plexes, use of a mock-up f o r  ve r i f i ca t ion  of MILA i n d u s t r i a l  areas, and 
the  use of heavyweight propulsion r i g s  f o r  v e r i f i c a t i o n  of t h e  propulsion 
stand. Fluid t e s t  sets w i l l  be supplied f o r  v e r i f i c a t i o n  of f l u i d  
systems. 
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FLIGHT TEST ARTICLES 

Boilerplate  22 

Boilerplate  22 w i l l  be a high a l t i t u d e  abor t  t e s t  conducted a t  White 
Sands Missile Range. It is now scheduled f o r  May 15, 1965. The abor t  
w i l l  be i n i t i a t e d  a t  110 000 f e e t  a l t i t u d e  ( m s l )  which w i l l  approximate 
the  upper l i m i t  f o r  operation of the canard subsystem. 

BP-22 w i l l  u t i l i z e  an a t t i t u d e  s t a b i l i z e d  L i t t l e  Joe I1 launch 
vehicle  with a 3-2 o r  3-3 Algol motor configuration. 
w i l l  not be required t o  achieve t h e  object ives  for t h i s  mission. 

Thrust termination 

The following configuration changes from previous bo i l e rp l a t e s  w i l l  
be included i n  the  BP-22 f l i g h t  t e s t :  t he  command-module boost protec-  
t i v e  cover w i l l  incorporate spacecraft  design configuration windows and 
protuberances; the  forward heat-shield apex cover th rus t e r  system f o r  
j e t t i s o n  of  t he  apex cover w i l l  be u t i l i z e d ;  t h e  addi t ion  of ac t ive  
reef ing  with an 8-second reef time from t h e  dual  drogue parachutes; and 
the  modified R-7118 r ing - sa i l  main parachutes with mid-panel s k i r t  
reef ing,  75 percent open f i f t h  ring, reduction i n  s i z e  t o  68 gores, and 
8-second a c t i v e  reef ing t i m e .  

All engineering and hardware is on schedule f o r  meeting t h e  launch 
date.  

Boilerplate 23 

Boilerplate  23 was delivered t o  NAA Apollo tes t  and operations (ATO) 
a t  bwney by NAA Manufacturing during the  l a s t  week i n  June 1964. 

Checkout w a s  completed approximately September 10, 1964, and t h e  
vehic le  was shipped t o  WSMR 10 days later. F ie ld  checkout began with 
assembly and weight and balance measurements i n  the  v e r t i c a l  assembly 
building. 
d i t i o n  with t h e  L i t t l e  Joe  I1 a t  the  launch pad during mid-November. 
Scheduled launch date  i s  December 8, 1964. 

It w i l l  be completed with e l e c t r i c a l  checkout i n  a mated con- 

See f igu re  7. 

L i t t l e  Joe I1 launch vehicle 12-51-1 w i l l  be u t i l i z e d  f o r  t he  BP-23 
mission, This w i l l  be the  f i r s t  a t t i t u d e  s t ab i l i zed  launch vehicle flown. 
Predel ivery acceptance t e s t s  a t  the f ac to ry  began during the  f i rs t  week 
of  August and were completed on September 13, 1964. The launch vehicle  
a r r i v e d  a t  WSMR on September 18, 1964. 
up and checkout are t o  be commensurate with a mate-date of mid-October, 

Subsequent launch vehicle  build- 

See t a b l e s  I V  and V for launch schedules. 

cp ..' 
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Airframe 002 

c 

! -  

Airframe 002 is  programmed t o  perform Apollo Mission A-004 a t  WSMR 
i n  September 1965. The f i rs t  order object ives  of t h e  mission are t o  
demonstrate s t r u c t u r a l  i n t e g r i t y  of t he  launch escape vehicle and t o  
determine launch escape subsystem performance c a p a b i l i t i e s  i n  a f l i g h t  
regime where s ign i f i can t  aerodynamic loads w i l l  occur during launch es- 
cape vehicle tumbling. Present estimates place t h i s  a t  Mach No, 2.5 a t  
75 000 f e e t  a l t i t u d e  ( m s l ) .  
def ine the  L i t t l e  Joe I1 requirements. 

Detailed t r a j e c t o r y  work i s  underway t o  

A F R M  002 w i l l  be an airframe command and serv ice  module with launch 
escape subsystems, ea r th  landing subsystems, and R&D instrumentation. 
AFRM 002 is  i n  major s t r u c t u r a l  assembly a t  Downey and follows AFRM 009 
i n  t h e  assembly l i ne .  It i s  scheduled t o  f l y  before A F R M  009 (Apollo 
Mission 201) because systems i n s t a l l a t i o n  and checkout t i m e  i s  much 
shor te r .  

b i l e rp l a t e  13 

The Apollo spacecraf t  mission A-102 w a s  successful ly  accomplished 
on September 18, 1964. 
t he  f i rs t  w a s  successful ly  launched on May 28, 1964. 
t h e  unmanned bo i l e rp l a t e  spacecraft  f o r  Mission A-102, w a s  launched a t  
approximately ll:23 a . m .  e . s . t ,  i n t o  e a r t h  o r b i t  from complex 37B of 
the  Eastern Test Range, Cape Kennedy, Florida,  by t h e  Saturn I Block I1 
vehicle  SA-7. 

This w a s  the  second Saturn I/Apollo mission; 
Boi lerplate  15, 

Test object ives  were s i m i l a r  t o  those of Mission A-101 except that 
BP-15 demonstrated the  a l t e r n a t e  mode of tower j e t t i s o n  using the  launch 
escape and p i t c h  cont ro l  motors, A l l  object ives  were f u l f i l l e d .  The 
mission terminated when t h e  spacecraft  reentered on t h e  59th pass over 
t he  Indian Ocean. 

During t h e  launch countdown there  w e r e  no holds caused by the  space- 
c r a f t ,  A l l  spacecraf t  subsystems f u l f i l l e d  t h e i r  spec i f ied  functions 
throughout t h e  countdown and planned f l i g h t  t e s t  period. Engineering 
data  were received through telemetry from a l l  but  two of the planned 
133 measurements. 

Evaluation is  underway and t e s t  r e s u l t s  w i l l  be published ea r ly  i n  
the  next report ing period. 
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Boi le rp la tes  16 and 26 

Boilerplates  16 and 26 a r e  uninstrumented bo i l e rp l a t e  s t ruc tu res  
intended fo r  launch aboard Saturns SA-9 and SA-8, respect ively.  The 
command modules f o r  both vehicles  were del ivered t o  Cape Kennedy aboard 
the  B-377 PG a i r c r a f t  August 19, 1964. 
by t ruck  on August 13, 1964. Service modules and adapters  f o r  both ve- 
h i c l e s  had previously been del ivered t o  MSFC t o  be modified f o r  t he  
Pegasus meteorite s a t e l l i t e ,  

Launch escape towers were shipped 

Airframe 009 

AFRM 009 continued through i t s  manufacturing phase and as of t h i s  
r epor t  i s  undergoing i n s t a l l a t i o n  of secondary s t ruc tu re  on t h e  inner 
crew compartment. 
with the  crew compartment. 

The heat  sh i e ld  i s  being prepared for a f i t  check 

Planning a c t i v i t i e s  a t  MSC were culminated with issuance of review 
copies of both the  ASP0 mission d i r ec t ive  and the  mission operations 
p lan  prepared by the  F l igh t  Operations Directorate.  
of these  documents is  scheduled f o r  December and October, respect ively.  

F ina l  publ icat ion 

- RELIABILITY AND QUALITY ASSURANCE 

R e l i a b i l i t y  and qua l i ty  assurance program plans were prepared by 
MSC-ASPO. The s t a tus  of t h e  various r e l i a b i l i t y  and qua l i ty  a c t i v i t i e s  
and milestones included i n  these  plans w i l l  be reported i n  t h i s  sec t ion  
i n  a l l  fu tu re  quar te r ly  repor t s .  

A NASA/NAA ~ m 6 5  Apollo program review was conducted i n  August and 
r e su l t ed  i n  subs t an t i a l  realinement of t h e  NAA Apollo Program. 
r e s u l t  of t h i s  review, NAA is  preparing new r e l i a b i l i t y  and q u a l i t y  
assurance program plans.  

As  a 

NAA r e l i a b i l i t y  engineering conducted 23 pre-award supp l i e r  surveys. 
A t o t a l  of 200 surveys have been conducted t o  date. Also, NAA conducted 
r e l i a b i l i t y  program aud i t s  of Leach Corporation, Marquardt, and Northrup- 
Ventura. 

A survey of t h e  r e l i a b i l i t y  s t a t u s  of pyrotechnic devices for Apollo 
The survey was made from information a v a i l a b l e  spacecraf t  was completed. 

a t  MSC, NAA/S&ID, and space Ordnance Systems, ~ n c .  

. 



The MSC-ASP0 r e l i a b i l i t y  program plan  was w r i t t e n  and issued, A 
f i rs t  draft of t h e  Apollo spacecraf t  r e l i a b i l i t y  requirements manual 
w a s  wr i t t en  and i s  expected t o  be released i n  November 1964. This man- 
u a l  i s  a sister document t o  the  ASPO r e l i a b i l i t y  program plan and de l in-  
eates t h e  a c t i v i t i e s  of a l l  spacecraft  program p a r t i c i p a n t s  i n  the  a rea  
of re 1 iab il i t y  . 

Apollo qua l i t y  assurance requirements have been prepared by t h e  
Apollo Spacecraft  Program Office (ASPO) f o r  various NASA-MSC operations.  
They were based on NASA NPC 200-2 and NPC 250-1 docments ,  as modified 
by ASPO, and t a i l o r e d  t o  t h e  type and scope of a c t i v i t y  a t  each loca t ion ,  

The lunar  excursion module FMEA milestone schedule has been pre-  
pared. The FMEfI's w i l l  be performed on a l l  f l i g h t  tes t  a r t i c l e s  and 
LEM vehicles  one through ten.  It should be noted that a l l  LEM's w i l l  
have e s s e n t i a l l y  the  same configurations as the  L;EM 10 vehicle,  with 
t h e  addi t ion  of a mission programmer i n  LEN'S 1, 2, and 3 and o ther  
modifications required f o r  t h e i r  individual  missions, 

MSC-ASP0 prepared and issued a formal set of qua l i f i ca t ion  test  
ground ru les .  

Agreement was reached with MIT, GAEC, and NAA on t h e  format f o r  
t h e  q u a l i f i c a t i o n  s t a t u s  l i s t  (QSL). 
minor modification, 

The MSC format w i l l  be used with 

Invest igat ions have been conducted t o  determine t h e  c r i t e r i a  f o r  
Contractor statements on t h i s  s tab i l iza t ion /burn- in  of spares i t e m s .  

sub jec t  ind ica te  general ly  t h a t  spares burn-in w i l l  be t h e  same as the  
bas i c  hardware. Certain e lec t ronic  tubes and semiconductors a r e  recom- 
mended f o r  burn-in. 
requirement fo r  p r e i n s t a l l a t i o n  acceptance c r i t e r i a  (PIA) are under 
cons iderat ion, 

The requirements for burn-in in t e r f aces  and a 

Acceptance tes t  ground r u l e s  have been prepared and are expected 
t o  be approved and d i s t r ibu ted  during the  next quarter .  

:QA/S&ID o r l g h a t e d  ~ ~ p r o x i m a t e l y  23 i n t e r se rv ice  data exchange 
program (IDEP) repor t s  on t h e  Apollo Program and forwarded them t o  t h e  
A i r  Force IDEP cont ro l  center .  Approximately 375 I D E P  repor t s  were 
requested and d i s t r ibu ted  by NAA/S&ID t o  Project  Apollo engineers. 

A preferred p a r t s  l i s t  f o r  Apollo w i l l  be prepared from t h e  qua l i -  
f i c a t i o n  s t a t u s  l i s t s  (QSL) and the engineering master f i l e s  submitted 
by Apollo spacecraf t  contractors .  
generat ing a prefer red  p a r t s  l ist  during the  next quarter .  

It is expected that MSC w i l l  begin 
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A t o t a l  of 3663 nonconformance r e p o r t s  (NCR) were reviewed, eval- 
uated, analyzed, processed, and transposed t o  t r a n s m i t t a l  shee ts  t o  be 
s to red  on magnetic tapes  by NAA, 
suppl ie r  problem repor t s  and 991 scrap repor t s .  The scrap  r epor t s  in -  
volved 2954 p a r t s .  P a r t s  wi th  s ign i f i can t  scrap rates were co ldpla tes  
(1=38), i n i t i a t o r s  (328), e l e c t r i c a l  w i r e  (15 330 feet) ,  e l e c t r i c a l  
boards (181), and AND ga te s  (140). 

NAA received 803 subcontractor and 

Failure-data magnetic tapes are expected from GAEC and ACSP during 
t h e  next quarter.  

Failure-data tapes  received a t  MSC are p r in t ed  and d i s t r i b u t e d  t o  
t h e  technica l  subsystem managers a t  MSC f o r  t h e i r  review and ac t ion ,  
Summaries of t h e  failure da ta  are d i s t r i b u t e d  t o  p a r t i c i p a t i n g  NASA- 
MSC o f f i c e r s ,  

GAEC expended a major e f f o r t  i n  t h e  area of we igh t - r e l i ab i l i t y  and 
configuration trade-off s tud ies .  These s tud ie s  have considered micro- 
meteoroid shielding, t h e  helium p res su r i za t ion  of t h e  ascent  and descent 
propulsion, e l e c t r i c a l  power system generation and d i s t r i b u t i o n ,  and t h e  
o v e r a l l  G&N function. 

Continued e f f o r t  w a s  expended by GAEC i n  r e l i a b i l i t y  pa th  ana lys i s .  
The major r e s u l t s  of t h e  study w i l l  t ake  t h e  form of r e l i a b i l i t y  paths 
and f e a s i b i l i t y  f a c t o r s  by mission phase f o r  each nominal subsystem 
configuration. These r e s u l t s ,  together with operating times, stress 
f a c t o r s ,  and updated equipment-failure rate estimates are being s to red  
on computer tape  as they are compiled. These tapes  w i l l  be used i n  
r e l i a b i l i t y  estimation a c t i v i t i e s .  

Based on a review of t h e  BP-15 acceptance data package (ADP) con- 
ducted a t  NAA/S&ID and KSC during June, t h e  ADP requirements document 
w a s  rev ised  i n  August. This rev is ion  w a s  reviewed by t h e  RASP0 sites, 
and it w a s  approved and issued t o  a l l  cont rac tors  concerned. The re- 
v i s ion  d id  not change t h e  i n t e n t  of t h e  o r i g i n a l  document but c l a r i f i e d  
t h e  contractor submitted requirements i n  order t o  achieve a more use fu l  
f i e l d  working document. 

A de t a i l ed  review of the  NAA minimum a i rwor th iness  equipment l i s ts  
foi- E-15 revealed 3 G  problem areas. 
by mutual agreement with NAA and MSC representa t ives  and were closed 
out,  The remaining I 2  i t e m s  requi re  e i t h e r  add i t iona l  information, cor- 
r ec t ion  of pa r t  numbers and references,  or were not a p a r t  of t h e  or ig-  
ina l  l ist .  

Of' t he se  30 items, 18 were resolved 

f 



Agreement has been reached between AEDC, NASA, and t h e  Apollo pro- 
puls ion subsystem contractors  on t h e  qua l i t y  systems t o  be used a t  AEDC 
during the  Apollo t es t  a c t i v i t i e s .  

MSC has i n i t i a t e d  an operational readiness program. The program 
is  designed t o  assure success i n  meeting t h e  launch window requirements. 
Mission e s s e n t i a l  GSE and SC equipments w i l l  be considered as an in t e -  
gra ted  whole i n  performing contingency analyses. The use of l imi ted  
probabi l i ty  analyses, FMEA's, t a sk  t i m e  analyses,  e t  ce te ra ,  w i l l  be 
used by organizat ional  elements pa r t i c ipa t ing  i n  the  operat ional  readi -  
ness program ( r e l i a b i l i t y ,  l og i s t i c s ,  human engineering, and GSE 
engineering).  

The r e l i a b i l i t y  goals for t h e  meteoroid environment have been speci-  
f i c a l l y  excluded from consideration i n  t h e  spacecraf t  mission success 
and crew sa fe ty  r e l i a b i l i t y  goals  s ince the  beginning of the  program. 
The spec i f ica t ions  have, however, required t h a t  the  s t r u c t u r a l  design 
of t h e  spacecraf t  recognize t h e  po ten t i a l  hazard of t h e  meteoroid enviro- 
ment and permit t he  addi t ion  o r  reduction of meteoroid pro tec t ion  as OUT 
knowledge of t he  problem increases. 

The probabi l i ty  goal  f o r  not  aborting the  mission because of mete- 
oroid penetrat ion w a s  es tab l i shed  a t  0.99 f o r  t h e  spacecraf t .  The opt i -  
mum d i s t r ibu t ion  of t h i s  goal  between t h e  CSM and LEM f o r  minimum weight 
w a s  es tabl ished a t  0.995 f o r  t h e  CSM and 0.995 f o r  t h e  LEM. NAA was 
o f f i c i a l l y  d i rec ted  t o  use 0.995 for  t h e  mission-success r e l i a b i l i t y  goal  
and t o  use t h e  average sporadic meteoroid flux, defined i n  EC-1, i n  t h e  
design of meteoroid protect ion.  

PROGRAM CONTROL 

PROGRAM EVALUATION AND REVIEW TECHNIQUE (PERT) 

CSM PERT 

NAA has completed the realinement of t h e  PmT report ing system t o  
t h e  revised program schedule. 
been added t o  the  coverage. 
25 653 a c t i v i t i e s  being displayed. 
t o  MSC became operat ional  during this time period. 
t o  each update cycle i n  the  networks have been as high a t  10 000 because 
of t h e  r ede f in i t i on  and alinement of program changes. 
s t a b i l i z e d  a t  about 4000 each cycle. 

The addi t iona l  Block I spacecraf t  have 
As of t h e  end of September, t he re  were 

Tape-to-tape transmission from NAA 
The number of changes 

They have now 
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G&N PEET 

During t h i s  period, a summarized schedule and performance report ing 
system was establ ished and implemented denoting t h e  systems s t a t u s ,  a l l o -  
cat ion,  schedule del ivery date, expected de l ivery  date, user  need date, 
and trend. 
Systems, and i n i t i a l  establishment of Block I1 and LEM G&N Systems i n t e -  
grated PERT was effected.  

Integrated NASA-PERT w a s  es tab l i shed  f o r  a l l  Block I G&N 

Future accomplishments include t h e  implementation of contractor  
schedule and performance report ing system which i s  t o  be compatible with 
the  G&JV summarized report ing system re fe r r ed  t o  i n  t h e  f i r s t  paragraph. 
Further implementation of Block I1 and LE51 G&N Systems PERT pending con- 
t r a c t  negot ia t ions is planned. 

LE51 PERT 

PmT e f f o r t  during t h i s  period has been concentrated upon de ter -  
mining and incorporating in te r faces  between subsystems and GSE, vehicles  
and GSE, and assoc ia te  contractor  tasks, and t h e  expansion of manufac- 
tu r ing ,  s i t e  ac t iva t ion ,  and t r a in ing  equipment networks and data .  The 
t o t a l  LEN PERT now covers about 29 500 a c t i v i t i e s .  

CONFIGURATION MANAGEMEXI' 

The preparation of ins t ruc t ions  f o r  t h e  implementation of t h e  Apollo 
configuration management manual, NPC 500-1, has progressed t o  f i n a l  draft 
form. 
review of t h e  Apollo contractors  ex i s t ing  spec i f ica t ions ,  d r a w i n g s ,  and 
o ther  engineering re lease  systems, change accounting, and change iden t i -  
f i c a t i o n  systems, 
Apollo contracts  managed by t h e  Apollo Spacecraft  Program Office indi-  
cated that de ta i l ed  implementation of NPC 500-1 would be impossible with- 
out  creat ing a major program impact. Therefore, t h e  implementation 
ins t ruc t ions  have been wr i t t en  t o  f u l l y  comply with t h e  i n t e n t  of 
NF'C 300-1 with as l i t t l e  program perturbat ion as possible .  

The implementation supplement is t h e  r e s u l t  of a comprehensive 

The r e s u l t s  of t h i s  review and t h e  maturity of t h e  

Procedures depict ing documentation flow and t h e  functions of t h e  
These pro- a f fec ted  organizations within MSC are now i n  preparation. 

cedures w i l l  be completed and configuration management w i l l  be contrac- 
t u a l l y  implemented w i t h  each Apollo contractor  p r i o r  t o  November 1, 1964. 

. 



CSM FACILITIES 

Two amendments t o  the  Ekicil i t ies Contract NAS 7-90(F) f o r  NAA were 
approved t h i s  quarter.  
water p o l l  extension of $27,600, and amendment 2-6 extended the com- 
p l e t ion  t i m e  f o r  i n s t a l l a t i o n  of equipment cooling units i n  Building 290. 

Amendment 2-5 provided an impact-test f a c i l i t y  

LET4 FACILITIES 

MSC approved a request from P r a t t  and Whitney Ai rc ra f t  Division of 
United Aircraf t ,  through GAEC, fo r  approximately $49,000 worth of aux- 
iliary vibra t ion  tes t  equipment. The equipment i s  required t o  augment 
equipment used f o r  t h e  LEN fue l - ce l l  assembly v ibra t ion  testing. 

I n  June 1964, MSC requested GAEC t o  make a thorough review of i t s  
fac i l i t i es  planning (as w e l l  as manpower and too l ing )  required t o  sup- 
po r t  LEM final assembly and checkout operations. 
r e s u l t s  of a 90-day reappras ia l  on September 17, 1964. The cont rac tor ' s  
cur ren t  planning cons is t s  of a 10 000-square-foot addi t ion  t o  Plant  5 
which w i l l  contain increased clean room area within t h e  bui lding as w e l l  
as add i t iona l  assembly and tes t  floor area. 

GAEC presented t h e  

GAEC wits given approval t o  procure, as spec ia l  t es t  equipment (STE), 
a ground data-reduction s t a t i o n  t o  support i t s  I;EM development programs, 
The s t a t i o n  is  t o  be located a t  Bethpage and i s  scheduled f o r  completion 
August 1967. 
quirements u n t i l  t h e  authorized s t a t ion  i s  operat ional ,  

An interim capabi l i ty  i s  being planned t o  handle LEN re- 

SITE ACTIVATION 

An in tegra ted  s i t e  ac t iva t ion  s t a t u s  room a t  NAA/Downey has been 
made operat ional ,  The room contains schedules f o r  f a c i l i t i e s ,  GSE, 
f a c i l i t y  modifications, i n s t a l l a t i o n ,  checkout, e t  ce te ra ,  f o r  Downey, 
WSMR-PSDF, MSC/Houston, and ETR/MILCI. 
and programming of ac t iva t ion  tasks  are developed by review and ana lys i s  
of information i n  t h i s  room and other satel l i te  rooms a t  each tes t  site. 

A d a i l y  s t a t u s  of a l l  a c t i v i t i e s  

MSC has issued over -a l l  ac t iva t ion  schedules t o  NAA and GAEC f o r  
use i n  preparing de ta i l ed  ac t iva t ion  implementation plans f o r  each test 
si te.  
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I Clear procedures for t ransmit t ing f a c i l i t y  modifications o r  GSE 
i n s t a l l a t i o n  requirements t o  KSC have been 'implemented f o r  t h e  i n d u s t r i a l  
f a c i l i t i e s  a t  MILA. 
contractor  requirements t o  reach KSC f o r  implementation with a minimum 
of delay. 

I These procedures have made it poss ib le  f o r  Apollo 

The f i r s t  house-spacecraft s t a t i o n  a t  NAA/lhmey has been p a r t i a l l y  
ac t iva ted ,  and t h e  tests on BP-14 have s t a r t ed .  
f o r  completion during December 1964. 

The s t a t i o n  is  scheduled 

The construction of t h e  MSC/WSMR-PSDF "cornon use" laboratory has 
been s t a r t e d  and completion i s  scheduled f o r  November 1964. 
l i t y  w i l l  house a ground data-reduction s t a t i o n  and environmental t es t  
labora tor ies  for  use by NASA and t h e i r  contractors .  Complete operat ional  
capabi l i ty  of t h i s  f a c i l i t y  i s  scheduled during late spring 1965. In- 
terim laboratory f a c i l i t i e s  have been set up i n  t h e  contractors  prepara- 
t i o n  buildings a t  WSMR-PSDF u n t i l  t h e  laboratory is complete, 

I This f a c i -  

NAA test s tand no. 1 a t  MSC/WSMR-PSDF has been ac t iva t ed  and i n i t i a l  
f i r i n g s  have been conducted. NAA tes t  s tand no. 2 is  being ac t iva ted  t o  
meet a February 1965 f i r i n g  schedule. 

NAA and GAEC are proceeding on schedule f o r  ac t iva t ing  the  E;TR/MILA 
f a c i l i t i e s .  A major e f f o r t  is under way t o  have t h e  required Apollo 
AFRM 009 support f a c i l i t i e s  ava i lab le  t o  support current  tes t  schedules. 



PUBLIC AT IONS 

NORTH AMERICAN AVIATION, INC.  
CONTRACT NAS 9-150 

6 

R e D o r t  number 

SID 62-90 
Volumes 1, 2,  
83 

SID 62-99-31 

SID 62-104 

SID 62-162 

SID 62-300-27 

SID 62-417 

SID 62-784 

SID 62-823-4 

SID 62-1244 

SID 63-21-21 

SID 63-223 
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t h e  Apollo Spacecraft 
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SID 63-630 Bta  Report for t he  Apollo Pressure Ju ly  1964 
Volumes 1 & 2 Model (PS-3) With Strakes i n  Tunnels 

A & C of the AEDC Von Karman Gas 
Dynamics Fhci l i ty  

SID 63-633 Apollo Ground Support Equipment Aug. 1, 1964 
Operation and Service Instruct ions 
R a d a r  Transponder and Recovery 
Beacon Checkout Unit  Model (214-112 

SID 63-70? Index of Apollo Support Manuals and Aug. 15, 1964 
Procedures Applicable t o  the  following : 
BP6, 12, 13, 14, 17, 16, 23, 26; 
AFRM 001 and T e s t  Fixture F-2 

SID 63-923 NASA Support Manual Apollo Ground Sup- 
por t  Equipment Operation and Service 
Instruct ions,  hunch  Vehicle Substi- 
tute Unit (LJII) Model A14-018 

SID 63-930 Apollo Ground Support Equipment Aug. 31, 1964 

July 20, 1964 

Operation; and Service Instruct ions 
Pyrotechnics I n i t i a t o r s  Subs t i tu te  
Set  Model A14-003 

SID 63-1000 Apollo Manpower Application Report for Aug, 1964 
the  Month of Ju ly  1964 

SID 63-1302 Apollo GSE Operation and Service Aug. 12, 1964 
Instruct ions Launch Vehicle Sub- 
s t i t u t e  Unit  C-1, Model A14-021  

SID 63-1376 St ruc tura l  Analysis of the  0.10 Scale July 1964 
Apollo Dynamics S t a b i l i t y  Model (FD-6) 

SID 63-1416-2 Project Apollo Fl ight  T e s t  Report Ju ly  1964 

SID 63-1416-3 Project Apollo Fl ight  T e s t  Report Aug. 1964 

Boilerplate 12 

Boilerplate 13 

SID 64-174 Apollo Technical Manual System July 1,1964 
Dynamics Aerodynamic Data Manual 
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Apri l  15, 1964 

Report number 

SID 64-181 Apollo Systems Engineering Manual 
S t ruc tura l  Dynamics 

Ju ly  10, 1964 SID 64-435 Apollo Support Equipment Maintenance 
Propulsion System Checkout Unit 
Model C14-075 

July 1, 1964 SID 64-437 Apollo Support Equipment Maintenance 
Pressure Calibration Unit Model 
CI-4-426 

Sept. 30, 1964 SID 64-690 Rendezvous Radar and Transponder Per- 
formance and Interface Specif icat ion 

Ju ly  10, 1964 

Sept. 15, 1964 

SID 64-976 

SID 64-1187-9 

Apollo Study Swnmary Report 

Bi-Weekly Apollo T e s t  S i t e  Activa- 
t i o n  Report 

Sept. 9, 1964 SID 64-1268 Memo Report Command Module Lunar 
Excursion Module Tunnel Crew Trans- 
fer T e s t  Phase I1 

Ju ly  13, 1964 

J u l y  15, 1964 

SID 64-1269 

SID 64-1321 

Apollo Crew Spacecraft Interface Zero 
Gravity T e s t  Program 

Apollo Ground Support Equipment Opera- 
t i o n  and Service Instruct ions Fuel 
C e l l  and Cryogenic Storage System 
Heater Power Supply Model A14-052 

Aug. 1, 1964 

Aug. 14, 1964 

SID 64-1491 

SID 64-1473 

m i n e e r i n g  Test Requirements 
Airframe 008 

Apollo GSE Operation & Service 
Instruct ions B t t e r y  Conditioner 
lviodei salc-ogi 

Aug. 20, 1964 SID 64-1574 GSE Jhd Item Specification f o r  Console 
Assy Freon Pressurization Unit bbdel 
ci4-468 

July 10, 1964 Apollo Support Equipment Maintenance 
Water Glycol Cooling Unit Model S14-052 

SID 6411-54 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I1 
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Report date 

Sept. 10, 1964 

Subject Report number 

S I D  64T-127 Apollo Support Equipment Maintenance 
Fuel C e l l  Power Plant  Water Glycol 
Servicing Unit Model S14-054 

I 

SID 6kT-138 Sept. 10, 1964 Apollo Support Equipment Maintenance 
Command Module Subs t i t u t e  Unit 
Model A14-051 

GRUMMAN AIRCRAFT CORPORATION 
CONTRACT ms 9-1100 

Aug. 12, 1964 

Ju ly  24, 1964 

Sept. 1, 1964 

Ju ly  20, 1964 

Sept. 15, 1964 

1964 

1964 

1964 

1964 

Sept. lo i  1964 
Aug. 10, 1964 

A%. 10, 1964 

IED-290-7 LEN Mission Programmer Preliminary 
Study surmnary 

LED-360-9 LEN 1 Measurement L i s t  (Mission 
Category 1B5) 

UD-490-12 

LED-510-8 

LEM Mass Property Report 

Thermal Analysis TM-2 Descent Stage 
Test 

LLI-400-1 , 
Rev. "F " 

Ground Support Equipment Planning and 
Requirements L i s t  

LLJ- 400-7 , 
Rev. "A" 

Special  T e s t  Equipment Planning and 
Requirements L i s t  

Aug. 

July 

A%. 

Sept 

LMA-790-1 LEN Famil iar izat ion Manual 

IPC-905-44001 Test Procedure f o r  Descent Stage Tank 
S k i r t  Proof Load 

IPL-81-1c Quality Control Program Plan f o r  Lunar 
Excursion Module - Volume I and I1 

A 

I P R  - 10-35 

I3R-50-15 

m-50-16 

Monthly Progress Report No. 19 

Grumman Qua l i ty  S ta tus  Report fo r  LEM 

Grumman Quarterly Summary of Quality 
Control Program Performance Audits f o r  
LEM 
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SPR-25 0- 15 Study Summary Report 

Report date 

Sept. 10, 1964 

LPR-550-6 Quarterly Re l i ab i l i t y  S ta tus  Report Aug. 1, 1964 

rsR-550-112 Monthly Fai lure  Summary (LEM) Sept. 15, 1964 

LTP - 3 40 - 4 LEM C r e w  Spacecraft Interface Reduced 
Gravity T e s t  Plan 

Aug. 8, 1964 

E-1142, 
Rev. 24 

E-1540 

MIT INSTRUMENTATION LABORATORY 
CONTRACT NAS 9-153 

System Status  Report 

A Preliminary Study of a Back-up 
Manual Navigation Scheme by 
Kennety Nordtvedt 

Sept, 15, 1964 

Aug. 1964 

HAMILTON S T A N M D  
CONTRACT NAS 9-1100 

June 30, 1964 SVHSER 2807-4 LEM Rwironmental  Control and L i f e  
Support Subsystem Quarterly Design 

E34 Environmental Control Subsystem 
Progress Report 

June 1964 SVHSER 2790-11 

SVHSER 2790-12 LEM Rwironmental  Control Subsystem Ju ly  1964 
Progress Report 

SVHS 2428 General Requirements - Space Sui t  Sept. 24, 1964 
System Hardware 

Back Pack - Design, Manufact-wing and 
T e s t  Requirements 

SVHS 2426 Seyt. 24, 1964 

AiRESEARCH 

SS-1013-4(27) Wnthly Progress Report, ECS, 
Project Apollo 

Aug. 31, 1964 

L 
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Subject 

Monthly Progress Report, ECS, 
Project  Apollo 

NASA 

Apollo Extravehicular Mobility Unit 
Design and Performance Specif icat ion 

Report date 

July 31, 1964 


